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The  Honorable  Herbert  R.  0 'Conor 
Governor  of  Maryland 
Annapolis,  Maryland 

My  dear  Governor  0 'Conor: 

I  am  pleased  to  transmit  herewith  a  copy  of  a  report 
by  Mr.  John  C.  Geyer  on  ground  water  in  the  Baltimore  metropolitan 
industrial  area. 

This  study,  conducted  over  the  past  two  years,  has  been 
made  available  to  the  Commission  without  any  cost  to  the  State. 
This  was  made  possible  principally  because  the  data  from  which  Mr. 
Geyer  assembled  this  material  came  from  personal  files  and  those 
of  large  industrial  plants. 

This  reservoir  of  data  should  prove  extremely  helpful  and 
valuable  to  existing  industrial  establishments  and  gives  some  indica- 
tion as  to  the  water  possibilities  for  prospective  industries  in  the 
area. 

I  wish  to  acknowledge  here  the  Commission's  appreciation 
to  Mr.  Geyer  for  his  excellent  work. 


Very  truly  yours. 


Abel  Wolman 
Chairman 


May  15,  19-!f5 


Dr.  Abel  V.'olman.,  Chairman 

Maryland  State  Planning  Commission  : 

The  Johns  Hopkins  University 

Baltimore-18,  Maryland 

Dear  Dr.  Wolman: 

I  have  the  pleasure  of  submitting  herewith  a  report  on 
the  ground  water  situation  in  the  Baltisaore  industrial  area, 

Viells  belonging  to  the  industries  in  and  around  Baltimore 
supply  some  /^O  million  gallons  daily  of  ground  water,  an  amount 
equal  to  one  third  the  total  quantity  of  water  normally  used  by  the 
City  of  Baltimore.  These  artesian  ground  water  supplies  are  in 
danger  of  destruction  by  lefkage  of  shallov'  salty  water  down  both 
used  and  rbandoned  wells.   Should  continued  deterioration  force 
the  abandonment  of  these  supplies,  the  loss  to  the  City  of  Baltimore, 
its  industries  and  people  vdll  be  around  $1,000,000  annually.  The 
danger  of  losing  these  supplies  can  be  greatly  reduced  if  cement  grout 
is  properly  used  to  construct,  repair  and  seal  wells,  A  comprehensive 
program  of  record  keeping  and  analysis  is  needed  for  planned  conserva- 
tion. This  work  is  now  going  forward  under  the  joint  sponsorship  of 
the  Maryland  State  Department  of  ueolo,gy.  Mines  and  ?i'ater  Resources 
in  cooperation  with  the  United  States  Deportment  of  Interior,  Geological 
Survey, 

Indebtedness  is  acknowledged  to  all  governmental  organizations, 
private  industries,  and  individuals  who,  through  the  course  of  the 
years,  have  recorded  observations,  analytical  data,  or  the  results 
of  studies  connected  with  the  development  and  utilization  of  ground 
water  in  the  Baltimore  industrial  area. 

Especial  appreciation  is  expressed  to  the  industries  of 
the  area  who  have  freely  furnished  information  concerning  their 
wells,  and  who  have  cooperated  patiently  throughout  the  course  of 
the  isork, 

A  debt  of  gratitude  is  acknowledged  to  the  following  men  for 
their  many  helpful  suggestions  and  for  their  willingness  in  supply- 
ing  detailed  inforrasition  from  their  personal  knowledge  and  records. 
Dr.  Edward  B.  Mathews,  Director,  and  Mr.  Chrrles  Berry,  Geologist, 
the  Maryland  Department  of  Geology,  Mines  and  Vteter  Resources;  Mr. 
Henry  C,  Barksdale,  Hydraulic  Engineer,  the  United  State.s  Geologic 
Survey;  Mr.  Joseph  T,  Strolrmeyer,  Engineer,  the  Baltimore  City  Bureau 
of  Water  Supply;  and  Messrs,  Robert  R.  Bennett  and  R.  R.  Meyer,  ¥/ho 
are  continuing  the  study  of  ground  water  problems  .in  the  area» 


A  special  acknowledgement  and  expression  of  appreciation 
is  mpde  to  the  Bethlehem  Steel  Company  for  its  iruportant  contribution 
in  initiating  and  carrying  out,  on  its  own  responsibility,  a  great 
deal  of  the  most  valuable  research  and  field  vrork.  Mr.  L.  F.  Coffin, 
and  Mr.  Vdlliajn  P.  Hill  were  instrumental  in  this  work,  and  Mr.  Norman 
il.  Shannaha.n  furnished  a  great  deal  of  valuable  information. 

And  finally,  a  special  debt  of  gratitude -arid  appreciation  is 
acknov\ledge-d  to  you  for  the  t;ncouragement,  the  advice,  and  the  assistance, 
without  '.vhich  the  preparation  of  this  report  would  have  been  impossible. 

Vei^  respectfully  submitted, 

JOHN  C.  GEYm    (J 


•«•«•■ 
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GROUND  WATER  IN  THE 
BALTIMORE  INDUSTRmL  AREA 

SECTION  I 


This  report  has  been  designed  to  contribute  to  the  detailed 
studies  and  continuing  effort  now  under  way  to  solve  the  complex 
problems  connected  with  the  utilization  of  the  ground  water  re- 
sources in  the  Baltimore  Industrial  Area. 

A  nontechnical  sujrvey  of  the  current  situation  is  presented  in 
this  introductory  section  for  those  interested  only  in  the  general 
nature  and  magnitude  of  ground  water  problems  in  the  area.   It  is 
hoped  that  the  detailed  treatment  of  the  subject  in  the  body  of  the 
report  will  help  the  industries  understand  and  solve  their  problems 
and  will  encourage  better  record  keeping  and  more  advanced  conserva- 
tion measures. 

During  the  course  of  the  studies  on  which  the  present  paper  is 
based  there  was  initiated,  primarily  through  the  interest  and  influ- 
ence of  Dr.  Abel  Wolman,  Professor  of  Sanitary  Engineering  at  The 
Johns  Hopkins  University,  and  through  the  interest  of  the  United  States 
Geological  Survey,  a  comprehensive  study  of  the  ground  water  problems 
in  the  Baltimore  area.  Eor  this  purpose  the  Honorable  Herbert  R. 
0 'Conor,  Governor  of  Maryland,  approved  the  appropriation  of  a  sum  of 
$5000  which  was  matched  by  the  United  States  Geological  Survey.  It 
was  proposed  that  the  total  of  $10,000  be  spent  within  the  fiscal  year 
1942-1945,  end  it  was  understood  that  the  program  should  be  continued 
for  some  three  to  five  years  or  more  in  order  that  sufficient  time 
might  be  had  to  gtther  adequnte  records  and  to  carry  on  the  necessary 
studies.  An  attempt  has  been  made  to  organize  and  summarize  existing 
infommtion  here  so  that  it  may  be  used  with  less  expenditure  of  time 
and  effort  in  carrying  forward  this  new  study. 

During  the  course  of  the  research  the  need  for  a  single  compre- 
hensive list  of  all  wells  in  the  area  became  apparent.  Mr.  Henry  c. 
Barksdale,  United  States  Geological  Survey  states:  1/ 

"Any  detailed  investigation  in  the  Baltimore  Area 
should  include  the  location  and  examination,  if 
possible,  of  every  well  in  the  area  whether  it  is 
in  use  or  not  in  order  that  adequate  and  complete 
plans  for  the  control  of  the  contamination  by  salt 
may  be  made," 


1/   Henry  Gi   Barksdale  "Ground  Water  Conditions  in  the  Vicinity  of 

Baltimore,  Maryland,  with  Especial  Reference  to  the  contamination 
of  Wells  by  Salt  Water,"  Confidential  Report  to  the  U.  S.  Depart- 
ment of  Interior,  Geological  Survey,  dated  July  23,  1942, 


Because  of  this  critical  need  for  a  single  listing  of  all  known 
vvells,  coiiSiderable  tine  xvas  spent  assentling  tlie  existing  data  in 
tabular  fori.  Tho  various  records  and  publications  of  the  Maryland 
Geological  Survej?-  provide  the  major  source  of  information  for  data 
on  tb.Li  older  -veils.  Although  all  known  sources  of  recorded  informa- 
tion lij;.ve  been-  exhausted  and  all  knovm.  or  probable  ind.ustrial  users 
contacted,  it  is  not  believed  that  the  list  is  coraplete.  A  persorial 
canvass  of  pres-ent  and  former  ox»mor3  of  all  property  in  the'  -area  vrould 
very  likely  result  in  the  discoverj'"  of  the  existence  of  unrecorded 
vrells.  The  list,  vMch  presents  data  on  abeut  1100  v/ells,  should 
nevertheless  be  found  a  valuable  reference  in  all  further  vjork. 

Histoi^  of_  GrjDUnd  j/at or^Dj^^TClojine^ 

Ground  vrater  is  water  contained  in  the  zone  of  saturated  voids 
in  the  rocks  of .the  earth's  crust  and  in  the  saturated  mantel  rock 
and  soil.  Since  prehistoric  tiiies'men  have  dug,  bored  and  tunneled 
into  the  zone  of  saturation  to  capture  ground  water,  .During  the 
thousands,  of  years  since  the  ori-;-:.inal  shallow  wells  vrere  scooped  in 
moist  places,  the  art  of  location  and  construction  of  wells  has  de- 
veloped- into  .a. highly  technical  science.  In  1930  seme  5500  comrauui- 
ties  vj-ith  about  20,000,000  inhabitants  wore  su:.3plied  with  two  billion 
gallons  daily  of  water  from  v:ells  and  m.any  millions  more  living  on 
isolated  farr.is  depended  on  well  water.  In  19S9  over  2,100,000  acres 
vrere  irrigated  by  i^rater  taken  from  wells,  zj       Indu.stries  are  large 
.users  of  ground  v/ater  in  areas  vrhere  sup-nlies  are  abundant*  In 
Baltimore  and  along  both  sides  of  the  Patapsco  River,  industries  mth- 
draw  an  estimated  maximum, of  about  40  million  gallons  daily  fron.  wells. 
This  amount  equals  approxiniately  one-third  of  the  total  quantity  of 
vrater  normally  supplied  Baltimore  City  from  its  public  water  works 
system  which  cost  around  ^90,000,000, 

The  first  wells  in  Baltimore  were  sunk  by  tho  earliest  settlers 
and  penetrated  only  small  distances  to  reach  the  abundant  supplies  in 
the  basal  gravels  that  overlie  the  crystalline  rock  in  the  area.  Well 
drilling  has  continued  more  or  less  regularly  vdth  the  growth  of  the 
City  and  its  industrial  expansion.  Darton  reported  201  deep  wells  in 
the  Baltimore  area  in  1895.  3/ 

Since  that  tiiae  about  1000  artesian  vrells  have  been  drilled,  of 
which  150  or  more  are  still  in  use.  The  principal  industries  that  use 
ground  water  are  listed  in  Table  I  and  their  general  location  is  shown 
on  the  map,  Figure  1, 


2/  O.E.  Meinzar  "Ground  .W-ite.r  in  .the  United  States,  A  Suiamary."  U.S. 
Geological  Survey  I'Jatsr  Supply  Paper  836-1)".  1939, 

3/  N,  li,  Darton  "Artesian  Well  Prbspects.ln  the  Atlantic  Coastal  Plain 
,  Region,"  U.  S.  Geological' Sui»vey  Bulletin  No,  138.  1896, 
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TABLE  I 
PRINCIPAL  IM)USTRISS  THAT  USE  GROUND  WATER 
Kej'  to  accccipanying  Map  Figure  1 

Map  No.                                                                                                      Actj-ye  Wells 

1.  Eastern  Rolling  Mills  Co 6 

2.  Monarch  Rubber  Co. 1 

3.  Pennsylvania  Water  and  Power 1 

4.  Schluderborg-Kurdle  Packing  Co 3 

5.  Frankfort  Distilling  Co.,  Highlandtown     2 

6.  Crown  Cork  &  Seal  Co 3 

7.  National  Brewing  Co 3 

8.  Baugh  Chemcal  Co 2 

9.  American  Radiator  &  Standard  Sanitary  Corp.    ...  1 

10.  Camp  Holabird 3 

11.  Baltimore  Pure  Rye  Distillery 2 

12.  Frankfort  Distilling  Co.,  Dundalk   1 

13.  Federal  Yeast  Co 3 

14.  Reid-Avery  Co 1 

15.  Western  Electric  Co 2 

15.     Chemical  &  Pigment  Co 4 

17.  Consolidated  Gas  &  Electric  Co. 1 

18.  Baltimore  Transit  Coi    .....    1 

19.  Bethlehem  Steel  Co;,  riroHill'—i 8 

20.  Bethlehem  Steel  Co»,  Sparrows  Point 59 

21.  Carr-Lowry  Glass  Co,      2 

22.  Consolidated  Gas  &  Electric  Co 2 

23.  The  Chesapeake  Paper  Board  Co 4 

24.  Proctor  Gamble  Go 1 

25.  The  Maryland  Dry  Dock  Co *    .  2 

26.  The  Arundel  Sand  &  Gravel  Co 1 

27.  The  Atlantic  Teminal  Co 1 

28.  Royster  Guano  Co.    « 1 

29*     Continental  Oil  Co 3 

30.  Brooklyn  Chemical  Co.    . .  1 

31.  Pan  Amorican  Refining  Co; 1 

32,  U,  S.  Ind.sutrial  'Chemical  Co 3 

33.  U.  S.  Industrial  Chemical  Co.,  Alcohol  Plant.    .    .  6 

34,  Standard  Wholesale  Phosphate  Co 4 

35,  Chas,  F,  Walton  Co 4 

35,     Armour  Fertilizer  Co 1 

37,  U.  S.   Coast  Guard 1 

38,  Davison  Chemical  Co 3 

39,  Baltimore  Transit  Co.,  Bay  Shore 3 

40,  Fort  Howard 2 

Total  153 


F  •  »  •  ■»  /  .  '       ..'J         -■  -      V 
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The  area  cciiceij-ncjci   in  the  present  study  is  part   of  the  Co&stal 
Plain  T/vhich  stri.:tciics  fran.  Lent;  Ia].and   southeast  along  the  Atlantic 
and  Gulf  Coasts  into  Mesilco.      In  the  eastern  United  States  this  plain 
is  bounded   by  the  Atlantic  Ocsnn  and  the  Piedniont  Plateau,      In  the 
Baltii.iora  area  abundaJit  artF^sian  supplies  are  obtained  i'ron  the  lower 
cretaceous   sr.nds  ar.d  .^ravels  ■A'hich  lie  bet''veen  beds  of  unconsolidated 
clay.     A  ceneralised  cross-section  of  the  geological  structure  is 
Shovm  in  Fi?:iire  2. 

The  hyirologic  corditions  to  vhich  these  supplies   owe  their  es- 
istence  are  briefly  described  belovj..     Rainvfcter  that   enters  the   ground, 
percolates  dovjn  to  the   zone  of  saturation  to  becoiae  part  of  the  ground 
vjater  body  and  then  moves  av?ay  laterally  under  the  force  of  gravity 
which  tends   continually  to  produce  a  level  vrater  table.     Movement  under- 
ground is   in  ma...y  vrays  siriilar  to  flow  on  the   surface,     Thr,   great  dif- 
ference is  ill  the  velocity  of  mction.     In  medixKi  sand  and   sandy  gravel 
with  a  water  table  slope   of   omi  foot  per  hundred  the  effective  velocity 
is   in  the  range  of   one  to  six  feet  per  day. 

If  the  water  ]:ioves  into  sand   or  gravel  beds  that  dip  beneath  im- 
pervious clay  formations  the   ground  water  becomes  cora'ined  and  moves 
scffiiew'nat  as  water  in  a  pipe.     The  pressure   in  the  corifined  conduit 
is  coiitrolled  by  the  ground  water  level  above  the  entrance   of  the 
channel  and  not  by  tho  elevation  of  the  free  water  table  directly 
above  the  conduit.     VJator  v.'ill  rise  in  a  Vv^oll  penetrating  the  confined 
aquifer  to  a  lovel  deteruinod  by  the  elevation  of   the  ground  vrater 
surface  at  the  distant   intake.     Frequently  the  pressure  in  confined 
beds  is  sufficient  to  cause  water  to  floi;  from  a  well.     In  conimon 
teiT-iinology  only  flowing  wells  arc  considered  artesian.      Scientifically, 
ho^-rcver.,   an  artesian  v;el].  in  defined  as  an;'  v.'oll  which  taps  a  confined 
bed  and  in  which  v/ator  rises  abovu  the  general  lovel  of  the  free  vjater 
table  in  the  area.     4^'  This  definition  is   illogical  because  an  artesian 
well   can  no  longer  b,-,   coi^idered  artesian  if   ouinping  reduces  the  level 
below  that   oi   the   -jTroe  water  table.     Therefore,    in  all  following  dis- 
cussion any  vrcll  thah  taps  a  confined  aquifer  is  called  an  artesian 
v^rell. 

In  the  Baltimore  area  the   intakes   of  artesian  formations  are  the 
narrovj  and  irregular  outcrops   of  the  pervious  sands  nnd  gravels   of  the 
coastal  plains  formations.     These   outcrops  appear  in  thJ;  S'trips  that 
roughly  parallel  the  Fall  Line  which  mari.s  the  contact  betvj^een  the 
Coastal  Plain  and  the  Piedmont  Plateau.     The  Fall  Line  passes  from  north- 
east to  southwest  through  the  geographical  center  of  Baltimore  City, 
Most   of  the  ground  water  withdrav/n  in  Canton,  Dundalk  and  Sparrov/s  Point 


4/  G.  K.  Tolman  ''Ground  Water".     McGra;j-Hill  Book  Company,   Inc.,    New 
York,    1937.      p.   56. 


8  - 


is  probably  derived  from  rain  that  falls  on  the  ground  north  and  west 
of  the  Philadelphia  Road, 

Present  Ground  Water  Difficulties 

There  are  five  outstanding  difficu].ties  that  accompany  the  use 
of  -ground  water  Ln  the  Haltiniore  area.  These  are,  in  order  of  im- 
portance;  (l)  salt  watcT  contajiilnation;  (2)  acid  containination; 
(3)  drop  in  sbctic  levels;  (A)  decline  in  discharge,  and  (5)  loss 
of  wells  due  ta  collapse  of  the  well  screens  and  casings  or  of  the 
ground  out;-,ide  of  the  screens.  The  body  of  this  paper  is  concerned 
priiTVirily  i-ith  the  cause,  the  dia^'nugis  and  the  cure  of  these  diffi- 
culties. 

•  Salt  Vtater  Contajiiinatioi:i. 

There  are  two  types  of  salt  water  containination.  The  first  is 
entrance  oT  salty  Patapv^co  River  v^atcr  directly  into  the  artesian 
aquifers  throuph  thwir  outcrops  in  the  upper  tidal  b9.sins.  The  second 
is  Itiakage  of  salty  watt.r  fr'om  shallow  formations  down  abandoned  or 
faulty  wells  into  tliu  frqsh  water  aquifers. 

The  art:a  of  widespi'ead  contamination  around  the  upper  harbor 
seems  to  nave  be^^n  caused  by  the  entrance  of  salt  water  through  out- 
crops in  the  rivtjr.  Only  ?  few  wells  are  still  in  operation  in  this 
area.  All  aru  salty,  Vvells  at  the  Chesapeake  Paperboard  Company  and 
at  the  Proctor  and  Garable  Company  on  Locust  Point,  yiuld  water  con- 
taining 3000  parts  per  sdllion  (ppm)  chlorides  as  compared  with  the 
natural  chloride  content  in  fresh  aquifers  of  eight  to  tv;elve  ppm. 
Patapsco  River  water  contains  about  3OOO  Ppni  chlorides  at  the  surface, 
and  7000  ppm  at  the  bottom*  Farther  east  at  the  Baugh  Chemical  Company, 
LazaretuO  Point,  chlorides  are  only  5OO  ppm, 

VIells  affected  by  direct  contandnation  from  the  river  will  probably 
never  again  produce  fresh  water  and  furthermore,  measures  may  have  to 
be  taken  to  prevent,  if  possible,  the  movement  of  salt  water  down  the 
dip  .Into  fresh  water  areas*  There  is  no  conclusive  evidence  that  the 
area  of  general  contamination  is  moving  southeastward  at  a  noticeable 
rate.   i(,ells  in  Canton  and  on  Locust  Point  have  been  salty  for  many 
years,  whiD.e  in  the  Colgate  and  Brooklyn-Fairfield  areas  wells  unaffected 
by  leakage  hove  shown  no  increase  in  salt. 

Leakage  down  faulty  wells  is  the  most  serious  difficulty  in  the 
area*  The  abandonment  of  shallow  wells  as  salty  water  appeared  has 
periiiitted  the  re-establishment  of  pressures  in  the  upper  aquifers, 
while  the  shifting  of  draft  to  deeper  wells  has  reduced  the  pressure 
in  the  lower  f orrnations.  Thus  whtun  the  deep  wells  are  pumped  there 
is  often  a  diff'-ronce  of  100  to  200  feet  pressure  head  between  the 
upper  and  the  lower  strata.  Under  this  pressure  salt  water  is  forced 
dovm  the  operating  wells  when  casings  are  perforated  by  corrosion  or 
when  external  casing  seals  are  broken.  There  is  evidence  of  leakage 
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in  every  large  group  of  vrells   in  the  area.     A  nuraber  of  the  fifty-one 
active  wells  at  the  Bethlahcni  Steol  Company's  plant  show  evidence  of 
salt   contfanins.tion.     All  the  vfolls  at  the  Continental  Oil  Company 
plant  and  tlirce  out  of  five  of  the  U.  S.   Industrial  Cher.:ical  Company's 
v/ells  at  th>:.  Curtis  Bay  plant  are  contaminated  by  vertical  leakage. 

Salt  contardintion  is   f;;enorally  xvorsc  v/hore  abandoned  v/ells  are 
most   numerous  for  many  of  these  were  left  unsealed  and  have  becaae 
permanent  sources  of  leakage. 

Expcrionco  indicates  that  the  average  useful  life  of  vrells  in  the 
area  is  not  more  than  20  years  and  some  '.veils  are  abandoned  after  only 
four  or  five  years  of  service."     If  these  abandoned  wells  are  not  tight- 
■ly  sealed  \vith  cement  the  Icak-'gc  down  them  \uill  seriously  impair  the 
quality  of  i^ater  in  nearby  ivclls.     Unless  the  leakage  doxvn  both  active 
and  abandoned  vjells   can  be  controlled  there   is  da.nger  that  the  arte- 
sian waters   in  the  area  v/ill  become  unusable. 

Other  possible  causes  of  salt  water  contamination  not  discussed 
above  because  they  are  not  believed  to  be  important  are  slava  seepage 
domiward  tlu'ough  the  conl'ining  beds  as  the  pressure  is  reduced  in  the 
lov/er  aquifers,   and  a  gradual  movement  of  salty  water  back  up  the  dip 
from  an  unlcnoxvn  distance  to  the  southeast  ivhero  salt  has  not  been 
flushed  from  the  artesian  beds. 

Acid  Contamination. 

There  is  an  area  of  fairly  widespread  acid  contamination  in  and 
around  Canton,     The  soil  in  this  area  has  for  years  been  notoriously 
acid  frai  leakage  or  discharge  of  acid  viators  from  motal,  oil  and 
fertilizer  industries*     Darton  reported  in  1895  that   the  soil  in  the 
Canton  area  vjas  dotjply  satiu-atod  with  acid  and  that  there  was  probably 
sarae  acid  contamination  from  the  surface  in  the  well  at  the 'Old  copper 
works  at  Clinton  and  Conkling  Streets,     The  area  along  Holabird  Avenue 
from  Highlaiid  Street   eastv/ard  has  been  a  dumping  ground  for  slag  from 
the  old  Baltimore  Copper  Works  for  a  hundred  yoai's  or  more.     Natural 
oxidation  of  the  sulphur  in  this  slag  produces  a  groat  deal  of  the  acid. 

In  1930  the  Bureau  of  Tlater  Supnly  of  Baltimore  City  undertook  tho 
c6nstruction  of  a  56-inch  cast   iron  main  along  Holabird  from  Highland 
Street  to  Broening  Highvfay,     Experience  in  tho  area  indicated  a  maxi- 
mum life  of  five  years  for  cast  iron  pipe.       Tests  showed  one  per  cent 
free  sulfuric  acid  in  the  soili     The  steps  taken  to  prevent  rapid  de- 
struction of   this  vrater  main  illustrate  the  heroic  measures  that  have 
to  be  oiaployed  to  protect  underground  pipe  in  the  area.       The  main  was 
first  paiiited  with  asphalt   containing  one  per  cent   oleic  acid,   then- 
wrapped  in  burlap  dipped  in  the  asphalt  paint  and  filially  incased  in 
four  inches  of  a  l-£;-4  mix  of  concrete  to  which  had  been  added  25  por 
cent  hydrated  lime  by  volume,       o/ 


5/     "Annual  Ropcrt  of  the  Department  of  Public  ^7orks  to  the  Mayor  and 
City  Council  of  Baltimore."     1930,   pp.   47  and  48. 
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The  Crown  Coric  ffnd  Seal  Compnny  is  tho  only  industry  that  con- 
tinues to  use  grom^d  iimtor  in  the  badly  effected  area.       One  well  at 
the  Highlnr^torm  plant  yields  T:ater  with  a  pH  of-  3,3.     The  equipracnt 
in  this  t:c11  is  removed  eVery  yG?.r  or  so  for  najor  repairs. 

In  tho  Brookljrn  Curtis  Bay  areas  local  acid  contsminr.ted  by 
leakage  do-.'.'n  faulty  wells  is  indicated  in  the  groups  at  the  XI.  S, 
Industrial  Alcohol  Gonpary,   the  Davison  Ch^:jinical  Cccipanj'-,  and  the 
Standard  YJholesalo  Phosphate  and  A"bid  Conpany. 

Fall  in  Static  Levels. 

;  '  Ground  T;ctor  r.lthdrawals  had',  evidently  had  little  influence  on 

static  levels  until  after  1900.     At  tha'^  time  vjater  still  flovjcd  by 
artesian  pressure  frcci  wells  di'illod  near  the  Iomcv  Patapsco  River. 
Since  then  a  gradual  decline  in  static  levels  has  occurred.     By  1930 
levels  throughout  the  area  brd  fallen  to  about  50  feet  below  the  sur- 
face,    Hoducfcd  consuTiption  during  tho  industrial  depression  retarded 
the  rate  of   o:hau3tion  of  supplies  during  the  early  IQSO's  but  with 
the  renewal  of  ncmial  industrial  activity  around  1937  the  vrater  levels 
declined  rapidly  and  chlorides  appeared  in  intolerable  ajaounts   in  wells 
that  formerly  produced  excellent  water.     In  1940-1941  static  levels 
fell  to  200  feet  below  tho  surface  in  places  r.nd  pimping  costs   in- 
creased accordingly,  ' 

Reduction  in  Yield. 

Reduction  in  the  discharge  of '  many  wells  acccanpanied  the  decline 
in  st^-tic  level.       However,   this  has  nowehero  beefi.  considered  as  serious 
as  the •deterioration  in  quality.     VJell  drilling  is  continuing  at  present 
in  order  to  obtnin  the  increased  nuaxititi^s  needed  to  meet  the  v;ar  time  ' 
demands,   or  to  ir.ake  up  losses   caused  by  the  failure  and  abondonnent  of 
v/olls , 

Structural  Failurej,    ■  , 

A  great  many  wells   in  the  area  have  boon  lost  through  collapse 
of  the  v;ell  screens »  perforation  of  the  casings   or  other  equipment, 
or  through  a  sti^ctural  failure  of  the  surroundiiig  aquifer  accompanied 
by  a  rapid  inflow  of  sand.     These  difficulties,  as  well  as  local  leak- 
age of  salt  and  acid  vjr-tef,   crn  be  corrected  by  the  use  of  cement  grout 
to  seal  Wells,     The  detiails  of  remedial  measures  are.  described  in 
Section  V.  ." 

Econoriic  Values 

A  comparison  of  cost  of  vjell  water  with  the  .cost  of  replacing 
supplies  hy  Baltiiuore  City  water  shows  that  complete   loss  of  the 
ground  water  resources   in  the  area  would  represent  a  loss  to  the  City  of 
Baltimore,   its  Industries  and  people  of  ol, 000,000  annually. 
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The  total  capital  investment  in  the  150  large  active  wells  at 
an  estimated  average  cost  per  well  of  |15,000  is  ^2,225,000.   If 
interest  is  assimed  at  four  per  cent  and  depreciation  at  five  per 
cent,  the  annual  fixed  charges  are  $203,000.  No  accurate  figure 
has  been  obtained  on  maintenance,  but  since  virell  equipment  must  be 
removed  for  repair  fairly  frequently,  the  average  maintenance  ex- 
pense probably  approaches  #1000  per  year  per  well.  For  all  wells 
this  vfould  amount  to  ^150,000  anniially,  Puinping  lifts  in  the  area 
average  at  lesst  150  feet.  At  a  power  rato  of  one  cent  per  K.W.H. 
the  total  annufil  pumping  charge  for  4.0  million  gallons  daily  at  70 
per  cent  efficiency  is: 

/^O. OOP. 000  X  8.33  X  365  x   150  ;^  q.OI  =  ;;,98,000. 
2,660,000  X  0.7 

The  total  annual  expense  for  well  v/ater  used  by  Baltimore  industries 
is  thcreforo  of  the  ordor  of  ^4-51 j 000.  Or  the  cost  per  1000  gallons 
is: 

'^^^■'°'^°,   =  3.0^*^  per  1000  gallons. 

A0,000  X  565 

Data  on  tho  cost  of  Baltimore  City  vfater  are  presented  in  Tables 
II  and  III.  Since  the  industries  are  all  in  tho  large  consumer  class, 
i.e.,  they  would  require  meters  at  least  tliree  inches  or  larger,  it 
may  be  scon  from  figures  in  Column  ^',,   Table  II  that  the  cost  of  City 
water  to  replace  well  v/ater  v;xll  average  about  11  cents  per  1000  gal- 
lons. The  total  annual  cost  for  40  million  gallons  daily  of  City 
water  v;?ould  therefore  bo: 

110  X  40  X  365  =  11,600,000 

The  annual  net  financial  loss  to  Baltimore  should  all  Vifell  v/ater  have 
to  be  replaced  with  City  water  is : 

(1,600,000  -  450,000)  =  $1,150,000 

or  in  roijnd  figures  .'it)l,OQO,000  per  year.  Capitalized  at  four  per  cent 
interest  this  represents  a  net  loss  of  $25,000,000. 

This  figure  probably  represents  the  maximum  possible  loss  if  all 
wells  v/ore  to  be  abandoned.  Although  it  is  unlikely  that  all  wells 
v;ill  have  to  bo  abandoned,  thero  certainly  are  financial  losses  ■sf 
considerabl.:.  magnitude  which  result  from  the  abandonment  of  v/ells  and 
from  tho  increase  in  plant  operating  costs  caused  by  salt  i;atcr  con- 
tamination and  other  difficulties. 

There  can  be  little  doubt  that  it  vdll  be  economical  for  the 
ground  v/ater  using  industries  in  the  Baltimore  area  to  expend  eonsider-" 
able  time  and  money  in  order  to  conserve  the  existing  ground  v/ater 
supplies.  This  is  particularly  true  at  the  present  time  v/hen  the  City 
of  Baltimore  is  having  to  furnish  water  at  war  tijiie  consiomption  rates 


u 


(— 

> 

r— 

(D 

< 

li; 

>>T3 

^ 

jl^ 

CO 

TJ 

0) 

O 

^H 

CV 

o 

o 

-p 

H 

M 

•H 

;-i 

M 

cd 

(D 

0) 

rt   M 

c:  0} 

o  Xi 
•H  -P 

-p 

§  ^ 

w  ^ 
c  3 

O  Q 

o 

© 
Si 


Q) 

::i 

• 

fl 

;h  o  CO 

<U 

(D  O   rH 

> 

CL,0     CC! 

(D 

•>   i'£ 

cc; 

rH 

tr) 


1  CD    (n    CD    o 
(D     (D 


o 


CO 

+3 


o 

o 
o 

-3^ 


(D 

:^ 
> 

CD 


I 


o 

•HO      • 
•P   O   -P 
H    Ph  O  tfH 
CO    S      "^ 

;3  3  M    . 
o 


I 


tH 

O  U  Ui 

0  CD 

CD  -p  ,c; 

CQ  Q)  O 

•H  S  fi 

CO  M 


vO 


■vj-o^oor^r-Hc^ia-'Oo 


m3  O  CV  O  O  O 
rH    fH   iH    rH   rH   rH 


rH  r^  CO 


0^  ^ 


C\i  H  -<^  rH  !>  O  (^  CO  O  C\i  -<} 
C\i  to,  O  ^0  i>  CO  CO  C'^  vO  C\i   lA 

•       •••v«        ••••• 

rH  O  O  O  O  O  O    -i  O  O  C\i 


CO  CO  r<^  CT^  H  vO  t^  H  C^  -vf  rH 
•      «••••••••• 

£>-\£)r<>C^0"^Of^^C0!>!> 
■-O  I>  vD  (^  O'^  -4-  i>-  -3-  O^  !>  tH 
rHr^OI>£>t^OC-^^C\i 

•k         «,         *V         *h         W\  ■      *\ 

rH   r\i  -^  (^  rH   Ln 


CO  ^  O  O  iH  no  C^  CA  C^  O  rH 

otooo^up,e>'v0  0^m'vOrH 


-«*.-<yJ 

o 

O 

i> 

CV 

• 

• 

o 

rH 

rH 

rH 

f 


o  o 

O  -41 
CO  CO 

•       • 

o  o 


CO  (^ 

•        4 

O^  o 


C^  -ci-  cAi   On  O  O  to   O   '-n  I>  CNi 
CO   ■<  ^  -4-  -Xl  iH  O^  C^  •■  "i   1^   irN 
H  (^  CO       ■      ■    ■       ~ 


to   !>  O 
<Ai  0^  CV 


--   O  '■-fA 
CNJ  rH  m 


H  O 


-4 


-4  vi-v£)  -d-o^  c^  to 
r-  o^  en  sO  -4-  LTN 

CV    -4  -4  OJ    rH 


r^  -J-  -^ 


CV 


i> 


V.0  to  O   --4-  CO  vD   c^  rH   LP\  ij^  .    . 
<jN  CO  ^  ON  -4-  en  O^  [>  MD  CAJ  sO 

•       ••*••••••• 

omrvuACOONO-iJvO  mc^ 

m  rH   £>  H  -5-  CO   (^  •- A  O   CJ>  x£) 
-      -  ^  P ■    -■       ■ 


i-Pv  <r\  rn  O'N  -4-  m  O  CO  -t  C\l 


O 

r-i 


rH  O  -4-  iH  (V  r\i 
r-  -4  cv  c\j  o  r\2 

•      iH  CV   en  C\2 


-4- to  ^ 
tn  (V  cv 


O  cnuAC\iv£)r<Air\rHvD  C^\0 


sO  cn^cn-4'rH  cn-4'r\-4- 
-.0  -4  (j^  iM  O  c<^  to  ■<}  O  -t 
-4  OA  en  -Pv  O  I>  ON  O  H  O 


vO  t>  CO  -4  C--  rH  O  H  ^  -..O  ON 
00  ro  UA  ^-  rH  in  cv        --t  cv 
H   CV   -4-C\i  rH 


CO 


nO  CNi 
ONCV 

cn  -4 


is^ 


rH 


rH  rH  cv  tn  -4-no  CO  o  cm 


(Xr-i 

CO  w 


-4 


~4l 

CnJ 

nO 

m 

'n 
CO 
■4 


^1 

o 

+J 
cd 

> 

rH 

-a 

rH 

cd 

•H 

o 

CD 

a 

CO 
•H 

o 

X 

CD 

<D    CD 

cd    c3 
F^    U 

CD     (D 

CD    CD 

-p  -p 
^  .  ,,, 

•H   .r-T 


1-5 


&• 

CO 

u 

0) 

■p 


O  vO 


CO 

O 


0) 
60 


O      » 

CO  -4- 
cn 

0    ON 


■p    •> 

0   ON 

Cn  rH 

s  ^ 

O    CD 

-P  s 

H    0 

o  o 

ft  CD 
O  Q 


o 


o  -ri 
•H   cd 


- — --P 

■—'    U 

cd 

O     ^ 

-P  O' 
CD 


C3 


rH 
O 

>. 

O 

f-< 

o 

cd 

M) 

P 

CD 

ri 

U 

« 

o 

^ 


-  15 


H 
H 
H 

<; 

EH 


^ 


O 

r-! 
C 

O 


O 

ft 

o 
o 

■H 

o 

CO 


Pi 

CO 

u 

o 
+^ 

<n 
o 

+^ 

to 
o 
o 


•p 
w 
o 
o 

o 

Eh 


O 

•H 


(Til 

c5; 


o.co 


TO 
,  a 

rd  -p 
•Hi 

i 


I , 


col 

+^ 
o 


H 
fj 
•P 


!     I 


t     I 

o'    ' 

•H 
+^ 

CJ 


g1 


lO 


•Hi 


•p 

CO 
•H 

Q 
i     i 


■H,£0 


o 


C>J, 


COOitOCOCOtUtOMCTi 

COinrHCTiaiOCDrHIN 

•      •••••••• 

01  a;   CD   CO   00   CO   Oi  CT»   CO 


i 

OOLOC^OHCOrHCg 
OC0t0OHHOH05 

'3 

rth— 

CQ  o  ca  lo  to  r^  CO  o  in 

:3  CO 

•    *•««•*•« 

P>H  — 

OCOC-tNtDC^O^CiCO 

1    1  ■        1 

J    ! 

iHHHHHHrHHH 

CQ[>-HC0«#!>OC\3W 

tNy^iNCOc-coojD-ai 

rH!>-t£)C0<£iC--HOO 
•      ••••*••• 

weowcninLOcotoio 

'*'*■■<*  to  to   ^OtQtQ^iO 


£>-C7iCOHNtOinOtjO 

ocnoa.cnousocOiH 

lOCSCv!LnOrH0jOH 
in    -^   -^i  (X!   '^il  LO   O  IC   lO 

•^tointototototoco 


■sf^cnco-^oorHHin 

O   ID  O   lO   N   to   1>   to   <£> 
•      ••*••*•• 

■72   iH   iH   H   H   H   M   H   rH 


OOi«50iHrHCDtOCO 
LOOoaCnCNOLOLOO 
O-sH!NLnC0cnrMt>-'J< 


rf 


ooio^cococricoco 


OOOCO^CNtOINtOC- 
'O   C^iO   OJ  to  O   1-4  N   O"' 

tHioocoincocriiNc^ 


UDlOOiOOOCOWO 

m  w  LO  to  !(0  CO  rH  to  o-> 

t-Or-ltOUJCOO    r-ICv2i-4 
--I   r-l  r-1  H  H  OJ   C\J  C\2   Cv2  ■ 


ca  to  ■>*  lo  vo  iN  00  d  o 
to  ro  to  to  to  to'  to  CO  -^ 
ci->  OI  C7>  01  ch  en  en  cr>  CD 

MrHHHHHHHH 


1 


(0 

o 

H 

■  m 


w 
M 
u 
o 


o 

•H 
H 

Vl 

o 
■p 

a 

I 

CO 

p< 

CD 

o 

CD 

o 

I 

Pi 

CD 

w 

H 
CD 

3 


CO 

•p 
p 


o 

cr> 


^ 


-  16  - 


considerably  in  excess  of  the  safe  dry  year  capscity  of  its  sources. 
Furthermore,  the  cost  of  developing  new  increments  to  the  City's  sup- 
ply is  becoming  increasingly  expensive.  A  capital  expenditxare  of  about 
i|lO,000,000  v/ould  be  required  to  add  U^   million  gallons  daily  safe 
yield  to  the  City's  source  of  supply.  It  is  believed  that  conserva- 
tion of  existing  supplies  in  areas  where  the  artesian  viraters  are  still 
fresh  will  not  be  particularly  difficult  if  nev./  wells  are  properly  con- 
structed and  old  ones  are  completely  sealed  when  they  are  abandoned. 

Conservation  by  Proper  Constri;fction  and  Sealing 

The  salt  and  acid  contamination  difficulties  can  be  corrected  by 
the  proper  use  of  cement  grout  for  the  construction,  repair  and  seal- 
ing of  wells.  No  need  is  more  urgent  than  that  for  the  adoption  of 
proper  grouting  techniques.  This  is  considered  so  important  that  Sec- 
tion V,  v/hich  deals  exclusively  with  grouting,  has  been  prepared  to 
furnish  well  ovmers  details  concerning  grouting  methods. 

The  objective  of  all  gTouting  operations  is  to  prevent  vertical 
leakage  either  inside  or  outside  the  caging  between  the  aquifers  pene- 
trated by  a  v;oll,  Vi/hen  grout  is  used  in  the  construction  of  a  now  well 
to  obtain  a  cement  wall  two  ifichcs  or  more  in  thii;kDess  outside  the 
whole  length  of  the  casing,  ..•.a:  ii?ell-'±s'  obtainGd  that' shouiri'ibft.. las  per** 
manent  as  such  structures  can  bo  made,  ■ 

The  development  of  sound  techht^'ues'  f<fM?"tfiiS  use  of  cement  for 
water  wells  has  been  slov/or  than  in  the  drilling  of  oil  v;ells  where 
leakage  involves  large  financial  losses  and  hence  the  art  of  grouting 
has  been  developed  to  a  higher  level  of  perfection.  Many  of  the  methods 
and  devices  used  by  the  oil  industry  are  described  in  Section  V,  As  an 
example  of  improved  testing  in  connection  v/ith  the  cementing  of  oil 
v/ells  there  has  been  developed  an  open  hole  logging  device  for  measiir- 
ing  the  actual  diameter  of  the  hole.  The  caliper  used  is  shown  in 
Figure  24,  page  100,  .and. caliper  logs  are  shown  in  Figure  25,  page  101, 
The  most  important  use  of  this  information  is  to  compute  the  amount  of 
grout  required  to  fill  the  annular  hole  between  the  casing  and  the  hole. 

Frequently  in  the  past  vrell  drillers  have  assumed  that  the  drilled 
hole  is  the  same  size  as  the  bit,  and  that  a  casing  with  a  diameter  the 
same  as  that  of  the  bit  will  fit  tightly.   It  is  therefore  interesting 
to  note  on  the  caliper  logs.  Figure  25,  that  for  very  considerable  por- 
tions of  the  depth,  the  hole  diamuti^r  is  considerably  more  than  double 
the  bit  diameter.  A  packer  set  at  the  foot  of  thu  casing  in  the  imcon- 
solidatcd  clays  of  this  area,  in  a  hole  of  unknown  diameter,  could  hardly 
be  expected  to  provide  a  permanent  seal  against  vertical  leakage. 

Certain  fundamental  rules  and  principles  should  be  followed  in  all 
grouting  operations  if  any  degree  of  success  is  to  be  hoped  for.  These 
are: 

1,  Do  not  guess  or  believe,  know  what  is  being  done. 
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2.  Use  the  lowest  water  cement  ratio  vfhich  will  accomplish  the 
objectives  of  the  job.  For  grouting  around  casings  in  new 
wells  not  more  than  5  1/2  gallons  of  water  should  be  used 
per  bag  of  cement. 

3.  Mix  and  place  the  grout  in  one  continuous  operation. 

U,     Always  place  the  grout  from  the  bottom  and  fill  the  annular 
space  or  the  cavity  upward.  •      ■    , 

Methods  of  testing  to  determine  the  underground  conditions  in 
order  to  plan  the  vrark  are  discussed  later  with  the  descriptions  of 
techniques  for  the  use  of  cement  grout  in  the  construction  of  new, 
the  repair  of  old, and  the  sealing  of  abandoned  wells. 

If  these  or  other  methods  equally  as  good  are  used,  salt  contamina- 
tion problems  should  gradually  be  brought  undei'  control.  If  they  are 
not' adopted  most  of  the  well  fields  in  the  Baltimore  industrial  area 
will  sooner  or  later  have  to  be  abandoned  as  sources  of  fresh  v/ater. 

Future  Record  Keeping;  and  Studies 

Record  keeping  of  ground  water  quantities,  qualtities  and  of  levels 
must  be  greatly  improved  and  detailed  studies  must  be  made  as  a  primary 
part  of  any  conservation  program.  These  records  and  studies  are  needed: 
a)  to  anticipate  and  if  possible  control  the  extension  of  general  salt 
water  contamination,  b)  to  determine  the  maximum  safe  yield  that  may  be 
developed  without  lowering  static  levels  to  uneconoiiiic- depths'  and  c)  to 
determine  the  location  and  the  cause  of  local  leakage  of  salt  vrater  from 
shallow  beds  into  the  deep  fresh  water  aquifers; 

Record  Keeping.   '  '     ,  . 

All  the  past  work  on  ground  water-  problems  in  the  Baltimore'  Indus-  ' 
trial  area  has  dealt  mainly  with  generalities  because  of  the  lack  of 
sufficient  observations  of  scientific  value.  Such  Measurements  as  have 
been  made  are  scattered  in  space  and  in  tinie  and  frequently- are  inade-' 
quate.  or  unreliable .      ~      ' .  " 

Future  record  keeping  should'  include  the  following  three  types  of 
maasiiromonts.  ,   ^ 

l._  Continuous  records  of  water  levels  in  unused  vrells  tha,t  do  '' 
not  .loak  and  that  penetrate  the  various  aqulf drs  at  strategic  lodations, 
A  fov¥  continuous  recording  water  level  gages'  have  been  installed  in  con- 
nection with  the  nevifly  initiated  Maryland  and  U.  S.  Geological  Survey 
cooperative  study.  More  are  needed.  -   . 


The  inadequaby  Of  ivater'  level- records-  in  th-e-fialt-iraorc- area-  and  in- 
Maryland  is  indicated  by  comparison  of  the'  w^ter  level' and  -artesian  , 
pressvire  measurements  in  the  'State  \.ith  those  of  "the  couritry  as  a  whole. 
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In  1939  in  the  United  States,  water  level  records  were  kept  for  5,500 
individual  wells.  About  265  wells  in  the  country  v;ere  equipped  with 
automatic  ivrater  level  recorders.  In  Maryland  in  1939' there  v/as  one  ob- 
servation well  near  Colesville  in  vrtiich^the  fluctuations  of  the  shallovif 
or  free  ground  v/ater  table  ¥/ere  measuredi  New  Jersey  had  148  observation 
wells,  50  of  which  were  equipped  with  automatic  water  level  recorders,  8/ 

2,  Continuous  and  accurate  meterage  of  all  v/ell  water  pumped:'-  The 
complete  lack  of  quantity  measurements  in  the  past  has  been  mentioned 
above.  Every  .well  should  be  equipped  with  some  kind  of  metering  device, 
if  possible  either  a  continuous  recording  or  a  quantity  integrating 
moter.  In  comparison  with  the  ;i^5000  to  il5,000  investment  in  the  vrell 
itself  the  $100  to  #200- required  to  purchase  a  pi'opeller  type  total 
quantity  flov/  meter,  is  a  relatively  insignificant- cost  *     ■  ■  •     ■  ''  ■' 

3.  Frequent  tests  of  static  levels  and  dynamic  levels  in  operciting 
wells.  These  tests  are  needed  to  supplement  the  records  gathered  at 
strictly  observation  wells  and  to  provide,  the  industry  vfith  first  hand 
information  concerning. what  is  happening  to  its-sotEfce -■aild- to  its  vrells. 

4..  Frequent  check  on  the  quality- of  the  water  particularly  with 
respect  to  chlorides  and  pH  values.  The  latter  tests  provide  a  very 
sensitive  test  for  indication  of  leakage  dovm  a- well,  either  inside  or 
outside  the  casing.  The  appearance  of  chlorides  signals  the  need  for  a 
thorough  exploration  of  the  condition. of  the  well  .  Such  periddiC-  tests 
are  also  required  for  following  the  extension  of  areas- of.  general. salt 
water  contamination.  .-,     .-■      ■  '  •' 

Detailed  Studies  Needed.  .  ,.-  .-  ..  ■ 

.  .There  is  probably  no  area  in;  the  country . wherp  the  ground  water  pro- - 
blems  are  more  complex.  The  aquifers  from  v/hich  the  artesian  v/ater  is- 
dravm  can  be  idealized  as  sloping  sheets  of  sand  and  gravel  lying  betvreen 
thick  beds  of  impervious  clays.  The  accumulating  evidence,- however, ■, in-.-;- 
dicates  instead  that  the  stratigraphy  is  highly  complex,  that  proximate 
v/ells  to,  the  same  levels  do  not  necessarily  tap  tiie   same  band  of  v.'ater 
bearing' sand  and  gravel.  It  cannot  be  said  with. certainty;  that  the  upper 
water  bearing  horizons  are  not  in  places  connected  by  natural  pervious 
channels  with  the  lower  aquifers.  With  the  accumulation  of  .adequate 
records  it  will  probably  be  possible  to  discover  the  aijswer  to ;many  of  . 
these  questions.  Detailed  studies  of  four  prinicpal  types  are  needed. 

l)  A  general  study  of  vrell  logs  and  of  water  q\iality  and  static 
levels  to  determine  the  distinct  aquifers  and  the  wells  that  are  drawing 
upon  thorn.  Sufficient  well  logs  for  such  studies  are- novif  available,  . 
Their  use,  however,  is  made  difficult  by  the  unreliable  methods  .of  sam- 
pling and  the  non-uniform  and  non-specific  methods  used  to  describe  the 
formations  penetrated.  For  example,  it  is  not .uncommon  to  encounter:  two 

17 "Water  Levels  and  Artesian  Pressures  in  1939."  U.  S.  Department  of 
Interior,  Geological  Survey  Watep  Supply  Paper  886.   ■.   :. 
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logs  for  viells  not  f,ar  apart  that  describe  ^lrhat   is   obviously  the  same 
thick  forniatioii  as  sandy  clay  in  the  one,   and  sand  mixed  with  bpulders 
in  the  other. 

2)     Study  of  the  fluctuations  of  static  levels  in  relation  to  the 
rates   of  pmapage  and  the  total  quantities- withdrawn  and  in  relation  to 
all  the  influencing' hydrolocical  factors   in  order  to  deterraine  the  safe 
ground  water  yields  fraa  v;alls  in  the  area, 

••  -3)  ,  Study  of ,, the  .extension  of  the  ■  ureas  of  general   salt  water  con- 
itamixiation  nnd  invsistigation  of  the  possibilities  for  controlling  the 
direction  and.  rate  of  this  extension  by  proper  distribution  of- pvimping 
throughout  the  area.  .The  Bethlehem  Steel  Ccmpany- pumped  tO' waste   one 
of  its  wells,  in  the  vicinity  of  a  bad  leak' for  several  years  .in  order 
to  keep  the  chloride  eontdnt  doxfn'in  adjacent  wells.     Use  of  the.  scheme 
on  a  large  scale  presents  a  possible  method  of  preventing  further  ex- 
tension of  the  .salt.     The  pui^iping  of  large  quantities   of  very  salty 
water  for  cooiing  purposes  in  the  Locust  Point  area  may  novf  be  prevent- 
ing extension. of  .'the.  area   of  general  contaip.i nation  around. the  Upper 
Pataps.co. . River  ,bas,i?i.  ■     .    ■'  .. 

4)     Study  of  leakage  difficulties  at  the  individual,  wells  to  learn 
exactly  vrhat   is  hr'.ppening  in  order  to  be  able  to  plan  successful  cor- 
rective measures. ■„ The  practice  of  proceeding'  to' pump  in  grout   or  clay 
■before  knowing  the' underground  situation,   has  led  to  a  high  percentage 
of  failiires   in  past   effort ste  stop  leakage*     It   ie  believed  that  given 
adequate  exiTcrimcntatlon  and  thought  most   leaks  can  be.  sealed  vrithout 
great   cost  the  first   dttcrapt.  ••    ';'  . 

As  a  background  for  these  needed  studies  there  exists  a  vrealth  of 
general  experience  and  a  relatively  caapletc  get   of  records  of  well  lo- 
cation and   ovmcrs.     These  records  are  "described  in  Section  III  and  are 
summarized  in  Appendices  I,   II  and  III.     The  past   studies  of  wells  and 
ground  water  in  the  area  are  listed  below  to   serve  as  a  guide  to  exist- 
ing 'sources  of  information. 

Post  Investigations" 

A  brief  abstract  and  criticism  of  the  principal  past   investiga- 
tions  is  presented  here  as  a  guide  to  those  "who  are  interested  in  re- 
ferring to  early  reports  and  studies, 

1.     "Artesian  Well  Prospects' in- the' Atlantic  Coastal  Plain  Region" 
by  Ncilson  Horatio  Dart  on,  Bulletin  138,  The  United  States  Geological 
Survey,   1896,  3/  is  the  earliest  knovm  study  of  ground  water  in  the  area. 


3/  W.  H,  Darton  "Artesian  Well  Prospects   in  the  Atlantic  Coastal  Plain 
Region".     U.  S.   Geological  Survey  Bulletin  No.  138,     1896. 


-  20  - 


V7ell  owners  were  visited  and  the  available  data  on  depths,    capacities, 
static  levels  and  logs  for  201  wells  v/ere  gathered  and  presented  in 
tabular  f orin  with  accompanying  location  map.     The  material  is  well 
organized  and  affords  the   principal  source   of  information  concerning 
the  early  deep  wells  in  the   area.     Geologic   interpretations  are  well 
presented  but  are  limited  in  scope  and  highly  generalized. 

2.  "V/nter  Resources  of  Maryland"',  VJilliam  Bullock  Clark,  Edv;ard 

B.  Mathevfs  and  Edward  W.  Berry,  Maryland  Geological  Survey,  March  1918.   9/ 
This  excellent  report  is  the  most  ccnprehensive  and  authoritative  publi- 
cation available  on  vrells  and   ground  water  resources,  in  Maryland.     The 
paper  follows  the  pattern  used  by  DMrton,'but  presents  a  great   deal  more 
basic  data  and  tiie   geologic  interpretations  are  v7orked  out  more  carefully. 
However,  no  considoration  is   given  the  hydrology  and  hydraulics  of   the 
artesian  supplies   and  no  attempt  is  made   to"  estimate  ultimate  safe  yields. 
Several  locations  whoro  acid  destroyed  casings  and  contaminated  the  ar- 
tesian supplies  r,re  referred  to,  but  salt  difficulties  v;ere  evidently 
not  serious  at  the  tine  the  studies  wore  made,    for  salt  contc'imination 
is  not  mentioned, 

3.  "Baltimore  County".     A  report  by  the  Maryland  Geological  Survey, 
1929,   10/     contains  a  nine  page  sketchy  and  poorly  presented  summary  of 
the  artesian  ground  v/ater  situatiori.  around  Baltimore.     It  is  based  pri- 
m-arily  on  information  presented  in  tbe  1918  report  described  above  but 
does  give  scne    additional  data  on  the  abandonment   of  wells i 

4.  "Report  on  the  Curtis  Bay  Water  Supply  for  the  United  States 
Industrial  Alcohol  Company".     A  confidential  report  by  Doctor  Joseph  T. 
Singewald,   Jr.,   December  8,   1920.   ll/  This  report  presents   infomation 
on  many  of  the  wells   in  the  Curtis  Bay,  Ffiirfield  area.     It  is  the'  first 
study  directly  concerned  vJith  the     problem  of  salt  contamination  and  the 
data  presented  on  chloride  contents  of   the  wfells  r.t   that  tine  are  ex- 
tronely  valuable.     Ezperience  accumulated  since  the  preparation  of  the  ' 
report  indicates  that  the"  conclusions  presented  therein  as  to  the  reasons 
Tor  and  manner  of  salt  contamination  arc  subject  to  question.     Five  drav;- 
ings  shov;ing  locations,  well  logs  and  cross-sections  in   the  direction  of 
the  strike  and  dip  accompany  the  report. 


9/  VJilliam  B.   Clark,  Kdward  B.  Mathev^s  and  Edward  W.  Berry,   "VJater 
Resoiirces   of  Mra^/land".     Mtiryland  Geological  Survey,  Iforch  1918. 

10/"Baltimore  County".     Maryland  Geological  Survey.     1929. 

11/  Joseph  T.  Singewald,   Jr.,   "Report  on  the  Curtis  Bay  Water  Supply 
for  the  United  States  Industrial  Alcohol  Ccmpany",  December  8, 
1920. 
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5,  Ecthlchem  Stool  Conpary  Survey  and  reports,     1940-1941,     As 

a  result  of  serious  chloride  difficulties  the  Bethlehem  Steel  Company, 
Sparrows  Point,  Maryland,   initiated  a  series  of  studies,   the  result  of 
which  are  contained  for  the  most  part  in  the  corresponrlenco  betv/een  Mr. 
L,  F.  Coffin,  Supc^ rintendent  of  the  Mechanical     Department,  the  Bethlehem 
Steel  Caapany  and  Doctor  Abel  Wolman,  Consulting  Engineer;  and  between 
Mr.   Normnn  H.  Shnmiahan,  PrGsidcnt  of  the  Shannahan  Artesian  Well  Com- 
pany, Inc.,   and  Hr.  Coffin.     The  studies  present  inx'oirnation  on:     a) 
a  survey  by  Bethlehem  Steel  CcEvpnny  emplOj''ees  of  the  chlorides,  yields, 
static  levels,  etc.,  at  all  the   industries  in  the  area  known, by  them  to 
be  using  ground  writer;     b)   numerous  studies  of  the  problems  and  diffi- 
culties within  the  ST)arrawo  Point  Plant,  and  c)  the  history  of  well 
drilling  and  static  levels  in  the  area  for  the  past  40  years  prepared 
by  Mr.  Shanr^ahan  on  the  basis  of  infoxmation  in  his  files,     A  study  and 
summary  of  all  this  information  is  contained  in  the  confidential  report 
"Bethlehem  Stool  Caapany,  Sparrows  Point,  Maryland  -  Prelimi:;iary  Report 
on  Water  Supplj'-' ,  by  Abel  VJoliaan,   Consulting  Engineer,  March  10,    1941. 
12/  The  United  States  Geological  Sm'-vey  participated  in  those  studies 
an3"a  memorandum  on  the  vjork  and  its  significance,  "entitled  "Ground  Water 
Conditions  at  the  Sparrows  Point,  Maryland  plant  of  the  Bethlehem  Steel 
Company  vras  px-eparcd  by  Mr.  Henry  C,  Barksdalo,  March  9,   1941.     15/ 

6,  In  1948  the  United  States.  Geological  Survey  at  the  request   of 
the  VJar  Production  Board  sent  Mr.  Henrj'"  C.  Borksdale  to  Bcltimore  to 
study  the  salt   cent  ami  nr.t  ion  probl.^ns  at  the  plant  of  the  Davison 
Chemical  Company.     The  two  confidential  reports  prepared  by  Mr.  Barksdalo 
present  specific  data  on  the  situation  at  the  Davison  Chemical  Company 
and  an  excellent  review  and  sumiar.ry  of  the  sal*  contamino.tion  problem 
throughout  the  area.     These  papers  are  entitled  ''Report   on  the  Ground 
Water  OonditioriS  at  tho  Curtis  Bajr  Plant  of  the  Davison  Chemical  Corpora- 
tion, Baltimore,  Maryland",  July  30,   1942,   I4/  and  "Ground  Water  Con- 
ditions in  the  Vicinity  of  Baltiraorc,  Maryland  virith  Special  Reference  to 


12/  Abol  ■■Jolman  "Bethlehem  Steel  Company,  Sparrovjs  Point,  Maryland  — 
Preliminary  Report  on  Water  Sup-oly"  .  Coiifidcntial  Report .  March 
10»    1941.  '  . 


13/  Henry  C.  Barksdalo  ''Ground  Water  Conditions  at  the  Sparrows  Point, 
Maryland  Plant  of  the  Bethlehem  Steel  Con-jany".     Confidential  Re- 
port to  the  U.  S,  Gnolosical  Survey,  Department   of  the  interior, 
March  20,   1941. 

14/  Henry  C.  Barksdalo  "Report   on  the  Ground  Water  Conditions  at  the 
Curtis  Bay  Plant  of  the  Davison  Chemical  Corporation,   Baltimore, 
Maryland".     Confidential  Roport  to  the  U.  S.  Geological  Survey, 
^.Department   of  the  Interior,  July  130,   194£«  ; 
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tho  Contamination  of  Wells  by  Salt  Water",  J'uly  23 »  1942,     l/ 

Several  studies  of  ground  water  quantity  and  methods  of  treat- 
ment appear  in  the  files  of  the  Erigineering  Department  of  tho  Maryland 
State  Department  of  Health,     The  Bureau  of  Water  Supply,   City  of 
Baltimore,  has  canvassed  all  plants  in  vrtiich  there  existed  any  possi- 
bility of  cross- connect  ions  betvrecn  ground  tjater  supplies  and  tho 
public  v/nter  supply.     The  data  collected  during  these  studios  appear- 
in  the  Bureau  of  Water  Supply's  cross-connection  files.     And  finally, 
there  exists  a  fund  of  unpublished  data  in  tho  files  of  the  MarylanS 
Geological  Survey, 


1/  Henry  G,  Barksdale  "Ground  Water  Conditions  in  the  Vicinity  of 
Baltimore,  Mar:/land  with  Special  Referejic©  to  tho  Contamination 
of  Wells  by  Salt  Water".,     Confidential  Report  to  the  U.  S,  De- 
partment of  Interior  Geological  Survey,  July  S3,   1942, 
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SECTION  II 
GEOLOGY  AND  HYDROLOGY 


Tho  general  fundcmontals  of  geology  and  hydrology  as  they  apply 
to  the  Baltinorc  Industrial  Area  aro  outlinod  here  in  order  to  supply 
the  necessary  hackgrouod  for  fiirthcr  discussions  of  ground  water 
problems. 

The  part  of  the  United  States  in  vrtiich  the  area  under  considera- 
tion lies  has  a  benevolent  climate.     The  annual  raini'all  is  well  dis- 
tributed throughout  the  year  and  does  not   often  deviate  v;idely  from 
the  overage  of  42  inches.     Stream  flov/s  arc  abundant  and  sustained. 
From  one-third  to  one-half  the  total  annual  precipitation  is  dis- 
charged as  surface  runoff,  the  btilancc  returns  to  the  atmosphere  by 
evaporation  and  transpiration  or  finds  its  Vv'oy  to  tidal  waters  by 
underground  paths. 


G<3ology 

The  abundant  ground  water  supplies  in  the  Baltinore  Industrial 
Area  are  obtained  from  the  lower  Cretaceous,  or  Potomac  beds  of  the 
unconsolidated  coastal  plains  formations.  The  Potcsmac  group  is 
divided  into  three  principal  formations  -  the  la/rest,  the  Patuxent ; 
the  middle,  the  Arundel;  and  the  upper,  the  Patapsco.  These  throe, 
the  Patuxent,  the  Arundel  and  the  Patapsco,  arc  of  moderate  age, 
measured  in  geological  time.  Deposition  of  the  lower  formation 
started  some  ISO  million  years  ago  and  the  last  materials  of  the 
upper  layers  v;ero  settled  into  place  about  20  million  years  later. 

The  Patuxent,  the  Arundel  and  the  Patapsco  consist  of  alternat- 
ing complex  gravels,  sands,  sandy  clays  and  Vari-colored  clays,  all 
dipping  in  a  southeastern  direction  at  rates  of  40  to  90  feet  per 
mile.  The  details  of  thickness,  dip  and  character  are  shovm  in  Table 
lY.   The  complexity  of  the  variations  vrithin  these  foimations  can 
be  visualized  by  considering  the  seq.ucnce  of  events  that  caused  their 
deposition  during  the  20  million  yeara  of  the  early  Cretaceous  period. 
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TABLE  IV 


LOVffiR  CRETACEOUS  EOaiATIONS 


Formation 

Patapsco 
Arundel 


Thickness 


100 


..5iP- 
Et,  per  mile 

Max.A"7g.Min, 

40 

50 


Lithological  Character 


Snnds  and  variegated  clays, 

100-1E5  50  Predcsminantly  clays,  rela- 

tively hoEiogenous.     Iron 
.    carbonate  nodules,  etc* 
Little  sand  and  gravel* 

Patuxent  150-350  90  60     50  Coarse  gravel  nr.  base. 

Extensive  fine  sands  and 
sandy  gravels.  Clays  in 
upper  portion  variegated 
and  caaplexly  interbedded. 

Prior  to  the  movements   of  the  earth's  crust  vjhich  inaugurated  the 
deposition  of   the  Patuxent,   the  ancient  igneous  or  volcanic  rocks  had 
been  leveled  during  the  earlier  Jurassic  period  to  f  ouu  v/hat  has  since 
been  called  the  Schocley  pe'Ueplain,     This  plain  stretched  back  almost 
horizontally  for   several  hundred  miles  fraa  a  coast  line  which  iwas  at 
that  tijae  soraev/here  east  of  the  present  Atlantic  Coast.     The  plain' was 
covered  rrith  products   of  the  decomposed  and  weathered  rock  beneath. 

■'Tarping  upvjard  of  this  plain  to  the  v/est  of  the  present  Chesapeake 
Bay,   initiated  tha  era  in  which  erosion  processes  moved  the  residual 
product   of  rock  decauposition  fror.  the  elevated  land  southeastvrard  to 
the  submerged  portions   of  the  plain.     Eine  Biaterials  were  carried  out 
into  bays  and  estuaries,  vrhile   coarse  material  remained  in  stream  beds 
and  alluvial  cones   or  along  the  shore  lino.  '  ITith  a  giadual  submorgonce 
of  the  whole,  the  processes  of  sorting  and  deposition  progressed  inland, 
lGavii:ig  the  coarse  materials  on  tlx;  uncovered  rock  of  the  Schooley  pene- 
plain near  the  coast  and  movii],^  finer  materials  further  on  to  cover 
earlier  deposits   of  sand  and  grt^.vol  now  in  tho  deeper  water.     Thus  the 
Patuxent  formation  consists  of  coarse  materials  unevenly  distributed  over 
a  rock  base  and  covered  by  complexly  cross  bedded,  particlly  continuous 
deposits   of  sands,    sandy  clays  and  clay  that  tend  towards  finer  materials 
in  tho  upper  layers,     Tho    ainds  and  gravels  at  the  base  of  the  Patuxent 
arc  major  ground,  v/ater  sources.     The  overlying  clays  confine  tho  vrator 
in  thesG  gravels  and  produce  widespread  artesian  conditions.     Several 
minor  oscillations  of   la:id  level  during  the  Patuxent  have   complicated 
the  geology  of  this  formation,   but   ordinarily  no  attempt  is  made  to  in- 
terpret these  complexities   or  to  use  them  as  a  basis  for  further  sub- 
division.    A  major  onorgence  of  the  land 'closed  the  Patuxont  and  vras 
followed  by  a  period  of  unkno'-vn  duration. 
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After  those   intervcniTig  agos  ol"   orosion  a  gradual  re  submergence 
initiated  the  deposition   of "the  Arundol  fornation  in  drainage  patterns 
cut   into  the   earlier  Patuxent.     Per'.' ions  materials  accumulated  in 
stream  beds  and  estuaries  and  were  coverecl  in  turn  by  clays  as  the 
land  slov-rly  subsided.     Swaraps  prevailed  and  'Jero  the  habitat   of  dino- 
saiurs.     Pervious  bands   of  sand  and'sandy  gravel  at  the  base  of  the 
Arundel  seen  to  be   limited  ,in   extent  and  probably  represent  the  alluvial 
deposits   of  antecedent  stresEis.     These  bods  are  the  waterbearing  materials 
of  the  Arundel.     The  balance  of  tho  Arundel  is  made  up  of  variegated  some- 
times, brilliantly  colored  clays.  "Suergence  of  the  land  finally  closed 
the  Arunderpcriod  and'again  a  long  era  of   continerital  erosion  set   in. 
This  in  turn  was   terminated  by  the  submergence  that   initiated  the  Patapsco. 

As  with  the  Patuxcnt  and  Arundel,    the  pervious  formations   of  the 
Patapsco  lie  near  its  base  and"'graSe  upward"into  impervious  clays.     Repe- 
tition of  this  alternate   raising  and  lowering,    eroding  and  deposition, 
always  with  variations,,  has  continued  down  through  the  geologic  ages, 
The"eroded  Patapsco  was  covered  by  the  Raritan  and   subsequently  foiria- 
tions  which  appear  at  or  near  the   surface  one   after  another,   as  one   pro- 
ceeds southeastvrard  tox'Jard  the  Atlantic  Ocean. 

This  conception  of  .the  sequence  -of  geologic  events  suggests  that 
the  waterbearing  strata  arc  not   continuous-  sheqts  of  uniform  thickness 
and  permeability.     Instead,   they  probably  are   intercorinected  bands  and 
lenses  of  varying  thickness  and  grading  v;hich  appear  at  elevations  de- 
termiried  by  their  manner  and  place   of    depositiori   in  the  antecedent  drain- 
. age  pattern.  -■  ,.     ^  .■       •  ■...., 

Ground  Water  hydrology 

-Ground  water  has  been  defined  as  any  vjater  lying  v;ithin  the  saturated 
zone  of   the  earth's  crust..    The  mrper  surface  of  the  ground  water  body, 

-called  the  ^^Elter  table,    is   the  level  at.ivhich  ivater  stands  in  shallow 
wells  or  bore  holes.     The 'various  forms  in  which  ground  v/ater  occurs  are 
defined  and  illustrated  in  Figure  3.     ITater  in  the   zone   of  aeration  above 

-the  v;ator  table  is  called  suspended  water. ^ 

Ground  v-rater  .hydrology  deals  with   that  .portion  of  the.  rainfall 
which  enters  the   ground'.     If  the  earth  is   dry  and   the   rainfall  light, 
most  of  the  water  falling  on  the   surface  is  absorbed,   and  bee  ones  the 
.  concern,  of  the   ground  v/ater  hydrologist. ,.  On  the  other  hand,    if  the 
ground  is   saturated  or  frozen,   or  consists   of   iiapermoable  material, 
little.' if  any  of  'the    rairiv^^ter  enters.     Thus  the  proportion  of  rain 
reaching  the   ground  water  body  varies  vJidely.  with  season,  v/ith  the  sell 
condition  .and  with  'the  type  of  "rainfall.      OS  the  v/ater  that  filters   into 
thr  ground  a  portion  is  held  in  the   soil  zone  and"  is  extracted  later  by 
plants  or  is  "evaporated  at  the  surface.     Orily  "'v/hen  ,the  demands  of    the 
soil  hove  been  met  does  water  move   slowly  down  to  the  water  table. 

Ground  witer  is  considered  as  ."free,  water  when   it  has  a  freely 
fluctuating  water  table,   -Free  ground  vmter  moves  laterally  under  the 
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effects  of  a  sloping  water  table  'just  as  water  flows  in  a  sloping 
streara  or  channel.  Confined  groundwater  is' water  trapped  in  a 
pervious  stratun  beneath  an  impervious  confining  bed.   Its  flow  is 
siriilar  to  that  in  a  pipe  or  conduit. 

Fixed  ground  water  is  v/ater  held  by  molecular  and  capillary 
forces  in  very  fine-grained  materials. 

In  the  eastern  United  Stfates  infiltration  of  rainvrater  is  the 
common  method  by  vrtiich  the  ground  "water  body  is  replenished.  Occasion- 
ally seepage  out  of  streams  or  ponds  may  add  some  vjater  but  sinc(j  the 
drj"-  v:cather  flov;s  of  eastern  strotims  generally  incres so  along,  the 
water  course,  the  seepage  is. normally  fraa-the  ground  into  the  stream. 

In  ord'er  to' determine  whether  or  not  the  sMall  streams  Crossing 
the  "fall  line  northeast .  of  Baltimore  vfere  feeding  vjater  into  the  out- 
crops of  the  cretaceous  sands  -and  gravels,  eac'hwas  gaged  by  the  cross- 
section  and  float 'method  at  several  selocte-d  points.  Since  the  measure- 
ments were  made  after  a  protracted  dry  spell,  ho  surface  runoff  could 
have  been  coming  into  the  streams.  No  xieasurablo  decrease  in  flov;  per 
unit  watershed  area  could  bt:  found  except  that  vrhich  could  readily  be 
accounted  for  by  'evaporation  from  swamps i  The  a'ccuracy  of  the  measure- 
ment's was-  poor  but  results  seemed  to  be  sufficiently  conclusive  to  in- 
dicate gagihgs'of  surface  streams  would  afford  little  information  as 
to  the  amount  of  vrotcr  finding  its  vray  into  the  coastal  plain  aquifers. 

Under  natural  conditions,  that  is,  before  wells  are  drilled,  all 
the  water  that  roaches  the  ground  water  body  moves  slowly  underground 
tc  points  of  discharge.  .Discharge  rlay  -occ'iir  as  flow  from  springs  or 
as  seepage  into  river  beds,  thus  maintaining  the  dry  weathei*  f lev/  of 
streams.  Or  the  discharge  may  occur:  as  evaporation  and  plant  trans- 
piration in  moist  or.  swampy  areas  where  the  v/ater  table  is  near  the 
surface.  TJatcr  v/hich  moved  down  the  pe)rvicus  artesian  strata  during 
past  ages  and  flushed  out  the  original  salt  v/ater,  probably  escaped 
by  almost  inf i'nitely  slew  seepage  lipv/ard  through  loss  impervious  parts 
of  the  confining  beds.  The  millionc  of  years  that  intervene  since 
tlie  deposition  of  those  beds  Ivivo  provided  sufficient  time  for  a  very 
slow  rate  of  escape  to  Gccomplish  the  flushing* 

Extracti'on  of  vjate.r  from  .wells  -interferes  with  the  natural  move- 
ments of  ground  v^tcr  and  reduces  the  discharge  fit  normal  outlets. 
Only  as  m.uch  vrater  can  be  drawn.. contiinuously  from  v;o lis  as  can  be  sal- 
vaged from  the  natural  places  of  escape.  For  every  gallon  of  v/atcr 
pumped  out  of  the  ground,  the  flow  of  springs,  the  flovr of  streams, 
or  th'c  "evaporation  and  transpiration' mus't"  saiewhero  be  reduced  by  one 
gallon.  There  is,  therefore,  a  definite  limit  to  the  amount  of  ground 
i«jntcr  that  can  be  captured  by  pur.iping  frixi  v/ells.  " 

Since  the  ground  serves  a's  a  vast  water  storage  reservoir,  it  is 
possible  tc  withdrnvf  large  quantities  for  ccnsiclerablo  periods  of  time 
without  adverse  effects  other  than  a  gradual  lov/oring  of  the  water 


-  27  - 


UNDER 

SATURATED 

ZONE 

OR 

ZONE 

OF 

AERATION 


SUSPENDED 
WATER 


SOIL    WATER 


PELLICULAR     WATER 


GRAVITY     WATER 


CAPILLARY     WATER 


GROUND    SURFACE 


TT 


■.  CAPILLARY    FRINGE   ■-•' 
.  '    .  r.  •^'' -'  -  ;•:;:'? 

."•■WATER    TABLE 


o  • 


SATURATED 
ZONE 

GROUND 
WATER 

OR 

PHREATIC 
WATER 


FREE    WATER 


CONFINED     WATER 


FIXED     GROUND  WATER 


CONNATE     WATER 


8 


Fig.  3.  Occurrence  of  Groundwater. 
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table,  Hcwever,  -withdrawal  in  excess  of  replenishment  can  no  more 
be  naintained  continuously  than  were  the  storage  in  a  surface  reser- 
voir. 

Soixrce  and  Movement  of  Ground  Vfater 

The  soiu-ce  and'movement  of  free  and  confined  ground  water  may  be 
compared  by  referring  to  Fifjure  4» 

Tree  ground  water  is  fed  by  infiltration  of  rainwater  fron  the 
■ground  surf?5ce  above  and  moves  awaj''  at  very  slovr  velocities  in  the 
direction  of  the  uator  table  slope  to  points  of  natural  discharge. 
VJhon  a  woll  that  taps  free  ground  v/ator  is  pumped,  tlie  vstor'  is 
vdthdravjn  from  storage  in  the  earth  around  the  v^ell  and  a  cone  of 
depression  dcviilops  in  the  "Jater  tablee  If  pumping  continues  this 
depression  is  gradual?Ly  enlarged  and  extended  until  sufficient  natural 
flow  is  intercepted  to  moke  up  the  xv-ater  v/ithdrawn.  A  condition  of 
equilibrium  is  than  reached  and  no  further  vrator  is  withdrawn  from 
storage.  The  maximum  yield  of  a  free  ground  water  well  is  usually 
equal '1io  the  amount  of  natural  flovr  that  can  be  intercepted  without 
lowering  static  levels  beyond  economic  limits.  This  yield  can  only 
equal  the  quantity  of  rainv/ater  fed  from  the  surface  into  the  area 
tributarj'-  to  the  wolli 

The  latte-r  statement  is  equally  true  of  artesian  wells  which  tap 
confined'ground  water  bodies'.  In  this  case,  however,  the  hydraulic 
situation  is  different,  VJhcn  an  artesian  v/ell  is'allowed  to  floxv  or 
is  pumped  a  cone  of  pressure  relief  develops  around  the  v^ell,  but  the 
water  bearing  material  is  not  emptied*  Instead  the  vrater  moves  down 
the  aquifer  from  a  distant  intake  area,  "The  situation  is  analogous 
to  vjithdrawal  of  water  from  a  fire  hydrant  in  a  municipal  distribution 
system,"  VJhen  a  hydrant  is  opened  the  iwiter  pressure  drops  as  the  water 
moves  in  the  pressure  pipes  to  the  outlet,  and  a  distant  reservoir  is 
lov/ered. 

Since  artesian  systems  are  imperfect  and  elastic  conduits  the 
water  that  reaches  an  artesian  well  nay  bo  derived  from  a  variety  of 
sources.  A  ccaplete  list  of  the  possible  source  of  artesian  flov;  in- 
cludes the  follcv/ing:   (1)  Flow  from  the  natural  intake  area  at  the 
cutcrop'of  the  aquifer.  Goneralljr  the  principal  source,  {a}     Com- 
pression  cf  the  aqiiifer  as  the  pressure  is  relieved.   (3)  Leakage 
dot.'nx/ord  through  confining  beds  as  pressures  are  reduced  in  the  lower 
formations,   (4)  Consolidation  of  the  confining  beds  because  water 
car  be  squeezed  more  reiidily  from  them,   (5)  Return  flcvj  from  natural 
discharge  area,'  which  in  some  cases  may'be  the  ocean.  And  (6)  Leak- 
age dovTn  abardcnod  vjells  or  perhaps  covrn  the  vrell  frofi  which  the  water 
is  c'.rawn.  That"  some  of  these  sources  are  temporary  and  may  furnish 
^vatcT  cf  very  inferior  quality  is  evident.  Their  existence  greatly 
.complicates  any  attempt  to  evaluate  the  safe  continuous  yield  of  an 
artesian  formation. 
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SECTION  III 

WELL  RECORDS  AND  STUDIES  ^ 

The  well  records  and  logs  wliich  appear  in  the  appendices 
to  this  report  are  briefly  discussed  here.  The  difficulties  en- 
countered in  attempts  to  use  these  records  for  scientific  study- 
are  described  and  the  data  on  static  levels  are  assembled  to 
show  the  continuous  decline  'in  water  levels  that  has  been  taking 
place  in  the  BaltiiTiore  area  during  the  last  1^0  years. 

List  of  Wells  in  the  Baltimore  Area 

When  the  present  work  on  the  ground  water  problems  in  the 
Baltimore  Industrial  area  was  undertaken  an  attempt  vras  made  to 
select  the  information  desired  for  study  directly  from  the  ex- 
isting well  records.  As  the  work  proceeded  this  method  of  attack 
became  so  involved  that  it  was  finally  decided  all  the  available 
data  should  be  brought  together,  organized  and  cross-referenced. 
This  was  •accoinpli.'^hed  by  preparing  ,a  single  tabular  summary  of  the 
data  oh  about  1100  wells  in  the  at*ea.  The  summary  appears  in 
Appendix  I  and  is  "called  tlve  List  of  Wells  in  the  Baltimore  area. 
The  specific  reasons  for  preparing  the  list  are  fis  follows:  '  Ohe, 
the  available  information  on  wells  in  the  Baltimore  area  appears  in 
a  variety  of  publications,  reports,  letters,  blueprints,  raaps^,  card 
index-  systems  and  files*  Twoy  ther3  werfe' many  discrepancies  and  a 
great  deal  of  overlapping  which  could  be  discovered  and  untangled 
only  by  bringing  the  data  together.  Three,  since  the  location, 
depths,  and  other  data  on  all  old  abandoned  wells  is'  important  in 
examining  the  possible  soixrces  of  salt  aild  acid  contamination, 
there  are  no  wells  \Mhioh  can  be  eliminated  entirely  from  considera- 
tion in  the  continuing  studies.  The  preparation  of  the  list  with 
the  comjjositihg  of  information  on  each  well  consvuned  a  large  pro- 
portion of  the  time  given,  to  this  study. 

The  various  index  and  location  schemes  used  by  the  Maryland 
Geological  Survey  are  Explained  in  Appendix  I,  .Since  these  are 
related  to  old- maps  and,  are  difficult  to  work  -with  for  a  variety 
of  reasons,  a  new  location  system  based  on  mile  squares  measured 
from  the  Washington  Monument  has  been  adopted.  The  new  location 
numbers  have  been  worked  out  in  sufficient  detail  to  provide  reason- 
ably easy  access  to  available  data.  The  List  is  cross-referenced 
in  Appendix  II  in  order  that  wells  may  be  referred  to  either  by 
ovmer  or  by  location. 

";  As  work  continues  in  the  area  all  the  information  called  for 
■in  the  List  of  Wells  should  be  conscienticjusly  entered  as  it  becomes 
available.  If  this  is  done  the  list  vj-ill  multiply  in  value  and  the 
errors  vjhich  it  now  contains  will  gradually  disappear.  The  list 
was  prepared  because  the  available  information  is  extremely  difficult 
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to  use  in  the  overlapping  and  disorganized  condition  in  which  it  is 
to  be  fovind  in  the  existing  well  records.  Maintenance  of  the  list 
will  reduce  this  difficulty  in  the  future. 

Well  Logs 

Ninety-four  vrell  logs  were  located  during  the  course  of  the 
work  and  are  presented  in  Appendix  III.  The  list  of  logs  is  complete 
insofar  as  the  public  records  are  Cvoncerned.  There  are  no  doubt 
many  additional  logs  in  the  files  of  the  various  well  drilling  com- 
panies. One  man's  full  time  for  at  least  a  year  vrauld  be  required 
to  go  into  the  records  of  the  drilling  companies  in  order  to  dig 
out  all  the  valuable  information  buried  there.  For  the  most  part, 
well  logs  have  been  made  available  to  the  public  through  the  vrell 
owners.  It  is  believed  that  the  list  of  logs  in  Appendix  III  is 
-fairly  compl,ete  as,  far  as  owners'  records  are  concerned,  and  that 
the  drillers '  files  are  the  only  uneijcplored  abundant  sources . 

The  logs  are  arranged  alphabetically  according  to  owners  and 
are  distinguished  by  cross  referencing  each  log  to  the  sheet  and 
line  number  in  the  List  of  Vi'ells  in  the  Baltimore  Area.  These  logs 
were  strip  plotted  to  a  vortical  scale  of  1"  =  100'  for  transfer 
on  to  profiles  taken  along  the  strike  and  dip.  The  preparation  of 
profiles  was  iindertaken,  but  the  use  of  logs  alone  did  not  seem  to 
provide  sufficient  information  to  say  with  certainty  which  wells 
tapped  the  same  equifers.  The  work  was  therefore  left  unfinished 
until  enough  static  level  data  could  be  obtained  to  carry  on 
coiTelations  between  the  rise  and  fall  of  the  water  surface  in 
observation  wells  and  the  starting  and  stopping  of  pumping  in 
other  wells.  The  latter  information  should  provide  conclusive 
evidence  of  interconnection  of  aquifers. 

The  Maryland  Geological.  Survey  has  prepared  a  map  showing 
contours  on*  the  crystalline  basement  rock  throughout  Baltimore.  ^ 
This  map  shows  the  presence  of  a  pre-.Cretaceous  valley  running 
south  beneath  Highlandtown  which  is  believed  to  have  considerable 
effect  upon  movement  of  underground  water  in  that  area^  Preparation 
of  accurate  maps  of  the  coastal  plain  rock  floor  for  the  area  out- 
side Baltimore  City  would  be  a  worthy  undertaking.  Seismic,  torsion 
balance,  magnitometer  or  other  methods  of  geophysical  investigation 
provide  admirable  means  for  determining  the  depth  of  the  rock  floor. 
In  the  past  the  surface  of  the  rock  floor  has  been  assumed  to  be 


^y  Map  of  Baltimore  City  showing  the  Configuration  of  the  Underlying 
Rock  Floor.  Prepared  by  the  Maryland  Geological  Survey  luider  the 
direction  of  Dr.  E.  B.  Mathews  from  information  secured  by  C.  W.  A. 
workers.  1935. 
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a  uniformly  dipping  plane  but  whenever  concrete  evidence  is  obtained, 
doubt  is  thrown  on  this  assumption,-  The  marked  irregularities  shown 
in  the  rock  floor  contour  map  of  Baltimbre  is  an  example  of  this . 
The  logs  for  the  Bethlehem  Steel  Company's  deep  wells  show  that  the 
rock  floor  beneath  Sparrows  Point  is  generally  level  with  a  mound 
in  the  vicinity  of  the  Coke  Ovens  under  the  southwest  corner  of 
the  Point  and  a  depression  under  the  Hot  Strip  Mill  in  the  northwest 
corner.  Construction  of  an  accurate  base  rock  map  would  assist 
greatly  in  efforts  to  interpret  plotted  woll  logs. 

Studies  of  Well  Records 

I  ^mm  ■■»—  M  >■  ■  ■  ■  I  II  ■  I  >-  ^  .  ■     I  ■■  I ■ 

Detailed  studies  of  the  stratigraphy  and  iinderground  hydraulic 
conditions  were  planned  in  order  that  the  distinct  artesian  systems 
in  the  area  could  be  determined.  Using  tlds  information  it  vras  hoped 
that .the  significance  of  the  decline  in  static  levels  and  the  increase 
in  chloridqs  and  other  undesirable  mineral  constituents  could  be  in- 
terpreted. '  This  objective  was  not  fully  attained  for  the  following 
reasons:   (1)>  the  amount  of  work  required  was  beyond  that  possible 
within  the  available  time';  (2),'  the  records  of  amounts  of  water  used 
and  of  static  levels  were  not  sufficiently  accurate  for  conclusive 
work  J  (3),  thd  f  airily  conclusive  evidence  that  the  major  problems 
resiilt  from  "leakage 'doivn  improperly -constructed  or  down  abandoned 
and  unsealed  wells,  directed  the  'study  toward  investigation  of  these 
difficulties  and  the  methods  available  for  correcting  them;  and  {I^), 
in  connection  with  the  recently  initiated  cooperative  study  accurate 
measurements  will  be  made  and  the  problem  of  stratigraphy,  hydrology, 
and  hydraulics  studied  in  detail.  Mr.  Bennett  and  Mr.  Meyer  are  v/ork- 
ing  full  time  on  this  problem  and  have  at  their  disposal  considerable 
resources,  yet  it  .will  very  likely  take  them  three  to  five  years  to 
obtain  the  necessary  information  and  to  make  the  gtudies  required  to 
clarify  many  of  the  questions  involved.  A  number  of  ground  water 
producing  areas  where  the  situation  is  no  more  complex  have  been  under 
continuous  study  for  many  years.  \^ 

In  the  following  pages  the  fall' in  static  levels  and  the 
chloride  difficulties  are  discussed  6nXy   in  the  detail  which  seems 
justified  by  the  data  available  at  present.      • 

Static  Levels 

Information  on  static  levels  and  yields  of  wells  in  the 
Baltimore  area  is  scattert;d  and  unreliable.  Frequently  the  static 
level  is  determined  at  the  time  a  well  is  drilled  and  is  given  no 
more  attention  until  difficulty  is  experienced.  If  the  static  levels 
drop  below  the  pump  intake  or  the  well  delivery  falls  off  rapidly  for 
some  other  reason,  ah  investigation  of  the  trouble'  is  sometimes  made 
and  this  may  include  observation  of  the  static  level.  This  situation 
could  be  easily  remedied  because  many  of  the  modern  turbine  pucped 
wells  in  the  area  are  equipped  with  static  level  gages.  Data  are 
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needed  which  give  some  idea  of  the  seasonal  rise  and  fall  in  levels. 
The  measurements  should  be  made  weekly  or  monthly  'at  wells  scattered 
throughout  the  area.  All  measurements  should  be  nade  simultaneously 
at  a  time  when  the  largest  number  of  wells  have  been  shut  down  for 
the  longest  period.  Early  Monday  morning  appears  to  be  the  most 
desirable  time. 

The  scarcity  of  accurate  records  of  quantities  of  well  water 
used  has  been  discussed  on  page  14.  The  magnitude  of  yields  stated 
in  the  literature  vary  from  guesses  to  approximate  field  measure- 
ments. The  most  accurate  of  these  measurements  usually  apply  to 
test  conditions  rather  than  ordinary  continuous  operation.  There 
are  generally  no  records  of  the  time  wells  are  in  and  out  of  opera- 
tion. The  latter  could  be  remedied  by  furnishing  the  operating  men 
record  sheets  and  requiring  that  they  set  down  the  times  when  the 
well  is  turned  on  and  off. 

In  order  to  form  a  general  picture  of  the  past  history  of 
static  levels  in  the  Baltimore  Industrial  area,  the  preliminary 
studies  of  well  logs  wrere  used  to  correlate  the  aquifers.  Static 
level  data  v;hich  v»'ere  sufficiently  complete  to  be  usuable  were  then 
taken  from  the  list  of  vrells  and  used  for  the  following  interpreta- 
tions. The  very  general  nature  of  these  interpretations  is  indicated 
by  the  numerous  sources  of  error  that  may  be  involved.  These  errors 
are  due" to  one  or  more-of  the  following  things:   (1),  the  grouping  of 
wells  according  to  aquifers  is  subject  to  question  because  of  uncertain- 
ties as  to  the  true  stratigi\aphic  situation;  (2),  the  static  levels  are 
all  more. or  less  affected  by  pumping  in  nearby  wells,  e.g.,  in  some 
places  v^rhere  wells  are  only  a  few  feet  apart  the  level  in  the  vrell 
which  is  shut  down  for  measurement  may  be  determined  primarily  by  the 
■pumping  level  in  the  adjacent  viells;  (3)j  cis  a  result  of  leakage  out- 
side or  through  the  casing  the  static  level  reading  may  be  affected 
by  the  circulation  within  the  well:  {J+)f   all  static  levels  have  been 
assumed  to  be  related  to  the  ground  surface  elevation  which  for  the 
wells  selected  varies  between  10  and  20  feet  above  mean  low  water,  but 
there  is  no  certainty  that  the  ground  surface  was  the  reference  level, 
and(5)>  the  data  are  only  supposed  to  be  static  levels,  some  of  them  may 
actually  be  pumping  levels.  The  data  used  are  shown  in  Tables  V,  VI, 
VII,  VIII  and  IX. 

Water  Bearing  Horizons. 

There  seem  to  -be  four  principal  vrater  bearing  horizons  in  the 
area.  Darton  2/   ^•''■"^  the  Geologists  of  the  Maryland  Geological 


:  2./     ^^'   H.  Darton  "Artesian  Vv'ell  Prospects  in  the  Atlantic  Coastal 
,/  Plain  Region".  U.  S.  Geological  Survey  Bulletin  No.  138.  1896. 
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TABLE  V 
Static  Levels 
In  the  Lower  Canton,  Colgate  Creek,  Dundalk  Area 

For  HORIZON  A 
Arranged  Chronologically 


Static 

«• 

Owner 

Location 

Depth 

Date 

Level 

1 

2 

3 

L 

5 

Camp  Holabird   

Colgate  Creek 

275 

1906 

u 

Northern  Central  R.R. 

Lower  Canton 

296 

1907 

16    - 

Baugh  Chemical 

Lower  Canton 

2/,5 

1908 

18 

Baiigh  Chemical  , 

Lower  Canton 

237 

1915 

22 

Bartlett-Hayward 

Turner's  Sta. 

550 

1915 

20 

Camp  Kolabird 

Colgate  Creek 

.  257 

1918 

36 

Federal  Yeast  Company 

Colgate  Greek 

309 

19a 

24 

Amer .Ra d . St d . San . C orp . 

Colgate  Creek 

279 

1926 

■  50 

Western  Electric  Co. 

Colgate  Creek 

301 

1930 

'   27 

Canp  Holabird 

Colgate  Creek 

265 

1930 

60 

Camp  Holabird 

Colgate  Creek 

257 

1932  , 

60 

Federal  Yeast  Co, 

Colgate  Creek 

378 

'  1935 

50- 

Federal  Yeast  Co, 

Colgate  Creek 

378 

1936 

59 

Frankfort  Dist.  Co. 

Dundalk 

400 

■  1936 

75 

Chem.  &  Pigment  Co. 

Colgate  Creek  . 

ia5 

1^38 

80 

Baltimore  Pure  Eye  Co, 

Dundalk 

'   379 

1939 

100 

Baugh  Chemical  Co, 

Lower  Canton 

2U5 

1941 

82 

Amer  .Rad.Std. San. Corp. 

Colgate  Creek 

279 

19A1 

80 

Western  Electric  Co. 

Colgate  Creek 

301 

19A1 

90 

Chemical  &  Pigment  Co, 

Colgate  Creek. 

A25 

I94I 

90 

Frankfort  Dist.  Co* 

Dundalk 

:  400 

1941 

98 

Baltimore  Pure  Rye  Co. 

Dundalk 

379 

1942 

124 

Static  level  is  in  feet  below  the  ground  surface, 
Siirface  Elevation  varies  from  10  to  20  feet. 


Ground 
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TABLE  VI 
Static  Levels 
In  the  Fairfield,  Curtis  Bay  Area 
For  HORIZON  A 
Arranged  Chronologically 


Static 

Owner 

Location 

Depth 

Date 

Level 

1 

2 

3 

U 

5 

Martin  Wagner 

East  Brooklyn 

373 

1898 

4 

Rasin  Monumental  Co. 

Fairfield 

350 

1901 

8 

Union  Shipbldg.  Co. 

Fairfield 

310 

1912 

10 

U.S.  Ind,  Chem,  Go. 

Fairfield 

358 

I9I6 

37 

Armour  Pert.  Go. 

Curtis  Bay 

/^20 

191s 

30 

Maryland  Drydock  Co. 

Fairfield 

262 

1926 

uo 

Std.  Wholesale  phosphat 

e  Curtis  Bay 

3U 

1929 

61 

Continental  Oil  Co. 

Fairfield 

352 

1931 

55 

P.an./jner .Refining  Co. 

Fast  Brooklyn 

AOO 

1933 

^5 

U.S.  Ind.  Chem.  Co. 

Fairfield 

358  ■ 

1935 

87 

U.S.  Ind.  Alcohol  Co. 

Curtis  Bay 

357 

1935 

90 

Continental  Oil  Co. 

Fairfield 

3-!^5 

1936 

67 

Continental  Oil  Co. 

Fairfield 

3U 

1936 

88 

Continental  Oil  Co. 

Fairfield 

361 

1937 

9^ 

Continental  Oil  Co, 

Fairfield 

358 

1937 

112 

iJ.S.  Ind.  Cheiii.  Co, 

Fairfield 

'  360 

1938 

112 

Pan. Amer .Refining  Co. 

East  Brooklyn 

396 

1939 

10/V 

Maryland  Drydock  Go. 

Fairfield 

262 

19a 

51  ? 

Std. Wholesale  Phosphate 

Curtis  Bay 

3U 

19a 

100 

Std.ViFholesr.le  Phosphate 

Curtis  Bay 

339 

19a 

107 
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TABLE  VII 

Static  Levels 

In  the  Sparrows  Point  Area 

For  HORIZON  A 

Arranged  Chronologically 


Static 

Owner 

Location 

Depth 

Date 

Level 

1 

2 

3 

h 

5 

Bethlehem  Steel 

Go. 

Coke  Oven 

609 

1917 

17 

Bethlehem  Steel 

Co. 

AG"  Mill 

655 

1936 

70 

Bethlehem  Steel 

Co, 

Tin  Mill 

659 

1936 

71 

Bethlehem  Steel 

Co. 

Tin  Mill 

669 

1936. 

72 

Bethlehem  Steel 

Co. 

Hot  Strip 

Mill 

668 

1937    : 

103 

Bethlehem  Steel 

Co. 

Hot  Strip 

Mil  ^ 

680 

1937 

86 

Bethlehem  Steel 

Co. 

Hot  Strip 

Mill 

685 

1937 

104 

Bethlehem  Steel 

Co. 

Mould  Yard 

I 

655 

1938. 

97 

Bethlehem  Steel 

Co. 

Vdre  Mill 

616 

19^2 

145 

Bethlehem  Steel 

Co. 

■Wire  Mill 

610 

19A2  . 

142  ■ 

Bethlehem  Steel 

Co. 

Wire  Mill 

625 

19A2 

153. 

Bethlehem  Steel 

Co. 

V'Jire  Mill 

618 

19^2  , 

132  . 

Bethlehem  Steel 

Co. 

AO"  Mill 

655  . 

19A2 

160 

Bethlehem  Steel 

Co. 

Mould  Yard 

I  . 

655 

1942  . 

128  . 

Bethlehem  Steel 

Go. 

Tin  Mm 

669 

1942 

129 

Bethlehem . Steel 

Co. 

Tin  Mill 

659 

1942 

138   . 

Bethlehem'  Steel 

Co. 

Hot  Strip 

Mill 

668 

1942 

144 

Bethlehem  Steel  Co. 

Hot  :Strip 

Mill 

680 

1942 

160 

uo 


TABLE  VIII 
Static  Levels 
•  For  HORIZON  B 
Arranged  Chronologically  for  Various  Areas 


Static 

Ov\rner 

Location  ' 

Deoth 

Date 

Level 

1 

2 

3 

4 

5 

Booth  Packing  Co. 

Canton 

% 

1884 

12 

U.S. Govt.  Lazarette  Pt. 

Canton' 

165 

1886 

18 

Baltimore  Copper  fJorks 

Canton 

2U 

1906 

36 

Stamiard  Oil  Co. 

Canton 

IBU 

1908 

54 

Baugh  Chemical  Co. 

Canton 

171 

19U 

70 

Continental  Oil  Co. 

Curtis  Bay-Fairfield 

225 

1916 

30 

U.S.  Ind.  Alcohol  Go, 

Curtis  Bay-Fairfield 

212 

1916 

47 

U.S.  Ind.  Alcohol  Co. 

Curtis  Bay-Faii'fiold 

285 

1917 

30 

U.  S.  Asphalt 

Curtis  Bay-Fairfield 

300 

1917 

28. 

Davison  Chemical  Co. 

Curtis  Bay-Fairfield 

323 

1919 

22 

Davison  Chemical  Co. 

Curtis  Bay-Fairfield 

306 

1924 

58 

U.S.  Ind.  Alcohol  Co. 

Curtis  Bay-Fairfield 

295 

1935  ; 

70 

U.S.  Ind.  Alcohol  Co. 

Curtis  Bay-Fairfield 

228 

1935 

65 

U.S.  Ind,  Chem.  Co. 

Curtis  Bay-Fairfield 

265 

1935 

69  . 

U.S.  Ind.  Chem.  Co, 

Curtis  Bay-Fairfield 

258 

1935 

76 

U.S.  Ind,  Chem.  Co. 

Curtis  Bay-Fairfield 

292 

1935 

78 

U.S.  Ind.  Chem.  Co. 

Curtis  Bay-Fairfield 

306 

1936 

65 

U.S.  Ind.  Alcohol  Co. 

Curtis  Bay-Fairfield 

227 

1939 

76 

Davison  Chemical  Co, 

Curtis  Bay-Fairfield 

335 

1939 

89 

U.S.  Ind,  Alcohol  Co, 

Curtis  Bay-Fairfield 

300 

1940 

106 

Btithlehem  Steel  Co. 

Sparrows  Point 

502 

1909 

2 

Bethlehem  Steel  Co. 

SparroviTs  Point 

U95 

1909 

5 

Bethlehem  Steel  Co. 

Sparrows  Point 

513 

1909 

k 

Bethlehem  Steel  Co. 

Sparrows  Point 

527 

1917 

20 

Bethlehem  Steel  Co, 

Sparrows  Point 

538 

1932 

50 

Bethlehem  Steel  Co, 

Sparrows  Point 

513 

1937 

127 

Bethlehem  Steel  Co. 

Sparrows  Point 

503 

1941 

135 

Bethlehem  Steel  Co, 

Sparrov/s  Point 

538 

1942 

108 

Bethlehem  Steel  Co. 

Sparrows  Point 

513 

1942 

203 

Baltimore  Transit  Co. 

Bay  Shore  Park 

7A3 

1907 

-t-15 

Baltimore  Transit  Co, 

Bay  Shore  Park 

7A3 

1941 

68 

~  Al  - 


TABLE  IX 
Static  Levels 
For  HORIZON  C 
Arranged  Chronologically  for  Various  Areas 


0;mer             Location            Depth 

Date 

Static 

Level 

1                 2                3 

K 

5 

Ghestei-Tvood  Free  Exc.Grd.  Bear  Creek          170 
Baltimore  Transit  Co.      Bay  Shoi'e  Pvn'. House  224 

1903 
1903 

+3 
16 

Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 
Bethlehem 


Steel  Co. 
Steel  Co. 
Steel  Co, 
St.jel  Co. 
Steel  Go. 
Steel  Co. 
Steel  Co. 
Steel  €0. 
Steel  Co. 
Steel  Co. 
Steel  Co, 
Steel  Co, 
Steel  Co. 
Steel  Go, 
Steel  Co. 
Steel  Co. 
Steel  Co, 
Steel  Co. 
Steel  Co, 
Steel  Co, 
Steel  Co. 
Steel  Co. 
Steel  Go, 
Steel  Co. 
Steel  Co, 
Steel  Co. 
Steel  Co. 


Sparrows  Poifit 
Spari'ows  Point 
Sparrows  Point 
Sparrows  Point 
Sparrows  point 
Sparrows  Point 
SparroviTS  Point 
Sparrows  Point 
Sparrows  Point 
Sparrows  Point 
Sparro'ws  Point 
Sparrows  Point 
Sparrows'  Point 
Sparrows  Point 
Sparrows.  Point 
Sparroxvs  Point 
Sparrows  Point 
Sparro?;s.  Point 
SparroTv's  Point ' 
Sparrov/s  Point 
Sparrows  point 
SparroTJS  Point 
Sparrov/s  Point 
Sparrows  Point 
Sparroivs  Point 
Sparro^vs  Point 
Sparrovifs"-  Point 


303    • 

■  1900 

24 

301 

1905 

24 

286 

I9I6 

42 

332 

1916 

27 

279 

1917 

58 

309  - 

.1917  ^• 

60 

2m 

1917 

68 

291 

1930 

97 

336 

1937 

110 

330 

1937 

76 

335 

1937 

78 

300 

1937 

72 

295 

1938 

88 

369 

1939 

165 

320 

1939 

168 

330 

1939 

190 

317 

1940 

106 

302 

19-^0 

122 

26  U 

I94O 

135 

303 

1940 

120 

279 

19a 

86 

302 

1942 

144 

336 

1942 

152 

330 

1942 

217 

335 

19A2 

168 

300 

1942 

114 

295- 

1942 

140 

Baltii'oore  Trajisit  Go. 
Baltimore  Transit  Go, 
Baltimore  Transit  Go. 

Bay  Shore  Park 
Bay  Shore  Park'' 
Bay  Shore-Park' 

402 

■  342 

342 

1907 
1916 

1940 

43 

10 

35 

Davison  Chemical  Co. 
Davison  Chemical  Co. 

Curtis  Bay 
Cui>tis  Bay 

240 
,.  244.- 

1909 
1938  . 

8 
-  61 

Southern  Products  Co. 

Bodkin  Creek 

431 

1908 

+4 

-  42  - 


Survey  9/  reached  this  conclusion  which  is  in  accord  with  the  accepted 
periodicity  in  the  geologic  history  of  the  area,  and  seems  to  be 
borne  out  by  studies  of  vifell  logs. 

Barton's  designations  of  A,  B,  C,  and  D  are  used  for  the  four 
water  bearing  fonnations  of  the  current  interpretation.  Horizon  A 
lies  just  above  the  rock  floor  and  is  a  major  water  producer  through- 
out the  area.  Horizon  B  lies  in  the  lower  half  of  the  Patuxent  forma- 
tion and  is  a  niajor  producer  in  the  Fairfield-Curtis  Bay  area.  Horizon 
C  probably  marks  the  change  from  the  Patuxent  to  the  Arundel  formation. 
It  was  formerly  used  extensively  in  the  Canton  area  and  is  still  one  of 
the  principal  producers  at  Sparrows  Pcint,  Horizon  D  was  formerly 
used  at  Sparrows  Point  but  has  been  almost  completely  abandoned  now 
on  account  of  salt  contamination.  The  general  levels  at  v/-hich  these 
equifers  occur  in  the  various  areas  are  ah own  in  Table  X.  The  range 
of  depths  shown  has  no  relation  to  the  thickness  of  the  equifers  but 
simply  indicates  the  limiting  depths  of  walls  believed  to  draw  from 
each. 

Significance  of  Static  Levels. 

Interpretations  of  the  static  levels  shoxvn  in  Tables  V,  VI, 
VII,  VIII  and  IX  are  as  fpllows: 

Horizon  A.  Before  I9OO  water  was  dra^vn  from  Horizon  A  in  considerable 
quantities  aroiand  the  inner  harbor  and  throughout  the  Canton  area. 
Static  levels  of  ^.O  to  50  feet  below  the  surface  in  1900  to  I905  have 
been  reported  for  old  wells  in  Canton.  Up  until  1936  vdien  lc?st  meas- 
urements were  reported  the  static  level  had  not  changed  mucn,  probably 
because  the  rate  of  abandonment  of  ;vells  about  compe.nscted  for  the 
effect  of  increased  draft  elsewhere.  Early  data  on  the  Horizon  in 
the  old  parts  of  Baltimore  are  so  confused  and  unreliable  that  values 
presented  in  the  list  of  wells  have  not  been  summarized  in  a  separate 
table . 

Study  of  Tables  V,  VI  and  VII  for  Horizon  A  show  that  about 
1900  the  static  level  was  close  to  the  surface  in  all  areas  other 
than  Canton  and  the  upper  harbor.  By  1915  levels  had  fallen  to  Ip 
to  25  feet  belov;  the  surface,  in  1925  to  25  tr;  50  feet.,  in  1935  to 
50  to  75  fBet  md  by  1937  to  75  to  100  feet.  Thus  the' general  decline 
was  somewhere  around  25  feet  per  decade  until  I935  vAien   a  decline  of 
this  ?jnount  took  place  in  only  tv;o  years.  Prior  to   I937.i.he  static 
levels  in  the  Fairfield-Curtis  Bay  area  and  the  Sparrows  Point  area 
vrere  approximately  the  same,  while  in  the  wells'  arovaid  Colgate  Creek 


9/  1/Villiam  B.  Clark,  Edward  B.  Mathews  and  Edward  Vif.  Berry,  "Water 
Resources  of  Maryland",  Maryland  Geological  Survey,  March  I9I8. 
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TABLE  X  . 

DEPTHS  TO  VARIOUS  WATER  BEARING ' HORIZONS  IN'  THE  BALTIMORE 

AR.EA 

Horizon 


Area 


B 


D 


Canton 

230-300 

150-200 

75-100 

Surface 

Colgate  Creek 

275-^00 

200-250 

100-150  . 

0-50 

Fairfield 

275-/^00 

Curtis  Bay 

3-i.O-450 

200-330  .' 

100-200  . 

' -^O-rlOO 

Dundalk 

AOO-500 

Sparrows  Point 

600-700 

500-550 

280-330 

150-250 

Bay  Shore 

750 

■  350--4QO 

200-250 

the  water  stood  at  a  somewhat  higher  elevation.  In  1937  the  draft 
at  the  Bethlehem  Steel  Company  increased  rapidly,  ■  and  by  194:2  static 
levels  in  Horizon  A  at  Sparrows  Point  had  declined  to  125  to  150  feet. 
During  this  period  the  levels  at  Sparrows  Point  were  the  lowest  in 
the  area .  Since  the  new  Back  River  Sewage  Water  Supply  has-  been 
introduced  the  pumping  has  declined  at  Sparrows  Point  and  vrater  levels 
are  rising. 

The  figures  on  Horizon  A  indicate  that  normally  the  entire 
industrial  area  acts  as  a  single  well  fi-eld  mth  one  large  depression .. 
in  the  piezometric  surface ^  There  have  been  local  depressions  in 
the  general  level  in  this  field  as  pumping  temporarily  increased  at. 
one  point  or  another,  but  generally  speaking  the  static  levels  have  ■.: 
fallen  uniformly  throughout  the  whole  area.  Thus  the  ground  water. 
must  flow  into  the  Horizon  A  depression  along  the  Patapsco  River, 
from  all  directions.  Since  there  is  still  fairly  heavy  pumping  of 
salty  water  in  the  upper  Patapsco  area  and  as  the  salt  v/ater  from 
this  area  does  not  seem  to  be  progressing  rapidly  southeastward  it 
must  be  concluded  that  the  jnajor  portion  of  fresh  water  withdrawn 
moves  to  the  area  from  the  northeast  and  the  southvrest.  This,  of 
course,  vrould  be  expected  on  account  of  the  fact  that  a  very  long 
strip  of  outcrop  would  be  required  to  capture  the  amounts  of  water 
taken  from  the  formation. 


Horizon  B.  Levels  for  Horizon  B  show  the  same  early  decline 
in  the  Harbor  -  Canton  area  tiiat  occurred  in  Horizon  A.  Probably  as 
late  as  1910  the  natural  level,  which  must,  have  been  close  to  the 
surface,  had  been  little  affected  in  this  aquifer  except  near  the 
center  of  the  old  city.  Later  as  drafts  increased  in  the  Fairfield- 
Curtis  Bay  area  and  the  Sparrovirs  Point,  ar.ea,  levels  declined  at  a 
rate  of  about  15  to  20  feet  per  decade  up  to  1935  when  a  rapid  decline 
set  in.  In  1910  to  1920  the  levels  in  thip  aquifer  seem  to  have  been 
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lowest  in  the  Fairfield-Curtis  Bay  area  while  after  1937  they 
were  consistently  lower  at  Sparrov/s  Point.  The  observations 
made  by  the  Bethlehem  Steel  Company  at  the  7^3.  foot  Bay  Shore  Park' 
well  of  the  Baltimore  Transit  Company  shov/  the  wide  depression 
created  in  the  piezoraetric  surface.  This  well  is  three  miles  east 
of  Sparrows  Point,  and  since  it  is  used  very  little,  it  serves  ad- 
mirably as  an  observation  well. outside  the  general  area  of  pumping. 
The  level  in  this  well  lias  fallen  83  feet  in  34  years  as  a  result-'-' 
of  the  heavy  pumping  at  Sparrows  Point  and  elsev/here  in  the  area. 

The  e:ctent  of  the  area  affected  -  by 'purnping  "may  be  estimated, 
from  the  observation  of  static  level  of  68  feet  in  7A3  foot  Bay  . 
Shore  Park  well.  The  foll6w.lng  assumptions  are  ma.dfi  in  this    '  "  " 
connection.  ..,.      .  -     .    .'  '  •   '" 

1.  The  whole  of  Sparrows  Point" functions  as  a  single 
vrell  with  an  estimated  diameter  of  2000  feet. 

2.  The  average  drawdovm  at  Sparrows  Point,  at  the'  time  the  ■ 
■  Bay  Shore  Park  level  was-obsei^vedT/as  I50  feet;:  ' 

3.  The  aquifer  ds  unlimited  in  extent  and  has  a  unif orm'' ■ 
thickness  and  permeabiiity.  ,   .-..'.: 

Using  Darcy's  lav;  that  velocity  is  proportional  to  the  "  • 
hydraulic  gradient,  the  drawdovm  or  pressure  relief  at  various 
distances  from  the  well  field  has  been  computed  and  appears  ,in  -' '; 
Table  XI.   Since  the  above  assuiaptions  are  highly  generalized 
the  computed  drav,rdowns  can  be  considered  only  as  giying  a  rough   ' 
idea  of  the  vddespread  influence  .that  heavy  pumping  has  on. 
static  levels  in  artesian  aquifers.  The  derivation  of  the 
theoretical  formula  on  which  these  computations  are  based  appears' 
in  Appehdix  IV,  pageige, 

TABLE  XI  •    ■  ■        '",  .   ■  .  .   " 

Estimated  Drawdoi\rn  on  Horizon  B'  Around       .  ,  ■-■   ■ 

Sparrows  point. 

Distance  from  Drav/down  or    ■'■ 

Sparrows  Point  '  ■    '  -        'Preasure  Relief 

Miles  Feet  Feet-      . 

0  0  ■    .  ■        '     150'     ■•■  '■' 

1  5,280  113 

2  ■   •   .  10,560  -     ■  85  -• 

3  15.,8A0  68 

5  '  26,400  .  >  ■  'A8       ■   • 

10  ,  52,800  ■'  20 

15  ■  79,200  ■     ,6 

17  90,006  .  0 
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Horizon  C.  Aroimd  1900  the  static  level  in  Horizon  C  had 
alrer.dy  been  lowered  to  some  2k   feet  at  Sparrows  Point  but  the 
effect  of  v.'ithdravirals  evidently  was  fairly  local  for  the  static 
level  .in  the  well  at  the  Chesterv/ood  Free  Excursion  Grounds,  two 
miles  northvjest  v/as  43  in  1903,  in  the  Baj^  Shore  Park  V^fell  three 
miles  east  was  43  in  190?  and  in  the  Southern  Products  Conpany 
vjell  sij':  miles  southeast  was  4/^  in  1908,  Since  that  time  the  level 
has  declined  rather  erratically  at  about  30  feet  per  decade  at  Spar- 
rows Point.  Little  water  is  used  from  this  formation  in  other  parts 
of  the  industrial  area. 

Further  study  based  oT[i  more  adequate  information  may  show 
that  the  correlations  and  interpretations  presented  herein  are 
incorrect.  Fjr  excin-iple,  tests  now  under  i«/ay  ijidicate  the  possibility 
that  the  deep  formations  at  Sparrows  Point  may  not  be  connected 
directly'-  with  the  lowest  fon/iations  in  the  Colgate  Creek  Area.  If 
this  is  the  case  much  further  v/ork  will  have  to  be  done  to  determine 
the  triie  stratigraphic  picture  and  learn  the  location  of  the  outcrops 
or  the  connections  ivith  upper  beds  v^hich  feed  water  into  these  lovirer 
foriaations. 

It  is  certain,  hovicver,  that  static  levels  have  declined  with- 
out interruption.  Furthermore,  it  is  very  probable  that  the  whole 
area  acts  as  a  single  field  into  •i>diich  ivater  is  drawn  from  all  direc- 
tions, that  which  comes  back  in  from  the  southeast  originating  from 
outcrops  far  up  or  dovv'n  the  fall  line.  Ti^'ius  there  must  be  for  each 
general  static  level  throughout  the  area  a  certain  total  ainount  of 
water  that  can  be  withdrav.-n  continuously.  If  static  levels  are  to  be 
kept  at  fixed  depths  than  the  mthdrav.-als  must  be  fixed.  At  present 
conditions  in  the  area  are  probably  improving  as  a  result  of  the 
decreased  pumping  at  Sparrov;s  Point.  If  in  the  future  new  drafts  are 
placed  on  the  aquifers  more  rapidly  than  old  wells  and  their  supplies 
are  abandoned  the  levels  will  c  mtinue  dovrnvfard.  The  two  alternatives 
are:  (1),  conserve  the  ground  water  by  using  less  of  it  for  wasteful 
cooling  purposes;  or  (2),  prevent  the  uncontrolled  drilling  of  xvells 
in  the  area.  It  is  believed  that  the  first  step  may  be  all  that  is 
required  to  maintain  reasonable  static  levels  and  yet  have  adequate 
supplies  for  all  legitimate  uses  in  the  area. 
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The  decline  in  static  level  is,  however,  only  part  of  the 
probleni.  The  serious  contamination  v;ith  salt,  acid  and  other 
undesirable  mineral  constituents  must  be  remedied  or  most  of  the 
equifers  virill  have  to  be  abandoned  as  fresh  vrater  sources  no  matter 
v;hat  happens  to  the  static  levels. 
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■  ,  .  -   :  SECTION  IV- 

CHLORIDE  PROBLHiS 

The  problem  of  chloride  contamination  is  the  most  serious 
difficulty  in  the  Baltimore  Industrial  Area.  ■  If  the  present  rate 
of  deterioration  of  ground  Writer  continues,  it  is  probable  that 
many  of  the  present  -."/ell  fields  will  ha\'e  to  be  abandoned  as  fresh 
water  sources,  and  the  supplies  replaced  by  Baltimore  City  water. 
The  common  conclusion  of  all  investigators  viYio   have  studied  the 
chloride  contamination  problem  since  1939,  is  that  vertical  leakage 
doivn  both  used  and  abandoned  wells  is  responsible  for  the  increase 
of  chlorides  in  all  -wells  except  those  around  the  upper  Patapsco 
River,  This  section,  therefore,  deals  prLiiarily  with  questions 
of  well  leakage.  The  evidence  that  leakage  is  responsible  for  the 
contamination  and  the  methods  available- for  determining  the  source, 
the  jnanner  and  the  amount  of  the  leakage  are  discussed. 

The  first  evidence  of  salt  contamj.nation  appears  in  Barton's 
report  ^  which  refers  to  bad  water  and  brackish  water  in  a  few 
wells  around  the  upper  harbor.  However,  it  is  specifically  stated 
that  water  from  most  Vifells  was  of  fine  quality.  It  appears  that  when 
Darton  inade  his  investigation  prior  to  1896,  there  vras  some  chloride 
contajiiination  probably  due  to  local  leakage  but  that  most  of  the 
wells  around  the  northvrest  Branch  yielded  fresh  water.  Thus  the 
situation  on  the  Upper  Patapsco  at  that  time  was  somewhat  similar 
to  that  which  novj-  prevails  farther  to  the  southeast. 

The  Maryland  Geological  Sui'vey-1918  Report  "Water  Resources 
of  Maryland"  mentions  numerous  abandonment  of  wells  but  attributes 
these  to  the  rapid  disintegration  of  casings  in  the  acid  saturated 
soil  and  to  changes  in  the  dovmtown  section  after  the  fire. 

In  1920,  problems  of  local  salt  contaiinnation  at  the  plant 
of  the  U.  3.  Industrial  Alcohol  plant  in  Curtis  Bay  had  become 
so  serious  that  Dr.  Joseph  T.  Singewald  was-  engaged  to  advise  a 
solution  of  the  problem.  The  numerous  chloride  determinations 
made  in  connection  with  Dr.  Singewald «s  study  indicate  that  the 
situation  then  was  very  similar  to  the  one  which  exists  in  the 
area  today.  Many  wells  produced  vrater  of  fine  quality  but  others 
scattered  fimong  them  were  contaminated  with  chlorides. 


2/  N.  H.  Darton  "Artesian  Vv'ell  Prospects  in  the  Atlantic  Coastal 
Plain  Region".  U,  S.  Geological  Survey  Bulletin  No.  138. 
1896. 
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During  the  period  since  Barton's  work  practically  all  the 
wells  he  listed  have  been  abandoned  and  the  area  in  wt'iich  most  of 
these  wells  were  drilled  now  produces  only  high  chloride  water. 
In  fact  some  of  the  vfells  ai'ound  the  harbor  which  still  remain 
in  use^  yield  water  with  a  chloride  content  the  same  as  that  of 
the  water  in  the  harbor,  and  are  thus  little  more  than  an  under- 
ground intake  for  pumping  from  the  Patapsco. 

The  area  of  v/idespread  salt  contaraj.nation  which  has  developed 
in  old  Baltiiaore  does  not  seem  to  have  spread  southeastward  at  an 
appreciable  rate  during  the  last  ten  years.  The  only  plausible 
explanations  for  this  are  the  facts  that  the  volxime  of  -vmter  in  the 
aquifers  is  so  large  that  displacement  is  a  very  slow  process ^and 
that  continued  pumping  of  salty  water  in  the  contaminated  area  clears 
the  formation  of  salt  at  about  the  rate  at  v/hich  it  flows  in  from 
,  the  river.  Tho  only  v^ells  that  have  become  salty  in  recent  years 
which  may  indicate  dangerous  extension  of  the  area  of  general  contam- 
ination, are  those  of  the  Maryland  Drydock  Company  at  Fairfield  and 
those  of  the  industries  in  Highlandtown.  Since  these  v/ells  are  closest 
to  the  area  of  widespread  salt  they  should  be  tested  very  carefully 
to  determine  whether  the.,  increase,  -in  chlorides  is  due  to  leakage  or 
to  movement  of  fjylt  7;.rter  .do^wi  the.  dip,  frora.'th.e.  highly  containlhated 
ai'ea.  ■  -  '  '•  ■ 

There  is  little  that  can  be  done  to  improve"  the  quality  of 
ground  water  around  the  upper  Patapsco  River, and  possibly  the'  only 
means  of  preventirig  or  of  decreasing  the  movement  of  salt  southeast 
into  areas  that  are  novv  freijh,  is  continued  pumping  of  salt  v;ater 
from  v.'ells  in  the  contaminated  area.  Dredging  probably  keeps  the 
outcrops  of  the  aquifers  in  the  upper  harbor  open  to  infiltration. 
If  all  dredging  and  all  pumping  could  be  stopped  it  is  probable  that 
ivith  the  reestablislTiment  of  high  static  levels  in  the  >' ground- and  un- 
interrupted sediinentatjbn  of  silt  and  organic  matter  in  the  harbor 
a  blanket -would  so Qn  form  #.ich  would  prevent  further  flo^v  of  salty 
water  into  the  pervious  beds.  It  i's,  of '  course,-' impossible  to  dis- 
continue the  harbor  improvements.        '-  •'       '■;■'■ 

The  balance  of  the  discussion  of  chloride-  contamination  will 
be  confined  to  the  problems  that  have ' developed  in  areas  where  fresh 
■water  is  still  available."  In  the'se  areas,  vvherc  the- largest  ground 
v/ater  supplies  have  been  developed,-  there  -are  good  possibilities  for 
improving  the  situation.  For  ti:e  Colgate  Creek,  Dundalk,  Sparrov;s 
Point,  Fairfield  and  Curtis  Buy   areas,  there  is  abundant  evidence 
that  all  of  the  contamination  is  due  to  vertical,  leakage.  ,  Methods 
used  for  diagnosis  and  correction  of  lerkage  difficulties  are 
described  below.  ■■■; 
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Leakage 

Leakage  do'mi   used  and  abandoned  ^vells  is  indicated  as  the 
source  of  salt  conta'-ainr.tion  both  by  indirect  reasoning  from  a 
knowledge  of  the  drilling  methods  used  and  experience  with  those 
methods  elsewhere,  and  by  direct  analysis  of  the  accumulated  tests  ; 
and  e:xperience  in  the  area. 

Reasons  for  Expect  in/;'  Wells  to  Leak. 

The  reasons  why  it  mi,^it  be  expected  that  vertical  leakage 
would  occur  either  inside  or  outside  the  casing  of  wells  drilled 
in  this  area  are  as  follows:  (1),  the  drilling  methods  used  produce 
a  hole  larger  than  the  casing  but  of  unknoxvn  siae,  and  means  to  pre- 
vent outside  leakage  are  usua3.1y  applied  only  at  the  extreme  lower  end 
of  the  casing;  (2),  the  develc:»pmcnt  of  uncemented  wells  is  known  to 
cause  erosion  and  opening  of  channels  along  the  casing  unless  consid- 
erable care  is  exercised;  (3)5  the  use  of  gravel  conductors  greatly 
increases  the  opportunities  for  vertical  leakage;  (4),  the  high  rates 
of  p"Ji.ping  create  great  head  differences  between  the  upper  contaminated 
formations  and  the  deeper  fresh  xvater  aquifers;  {5),   the  highly  cor- 
rosive shailosv  vijiters  are  certain  to  attack  the  casing  and  produce 
perforations;  and  (6),  the  common  methods  used  to  prevent  leakage 
along  well  casings  would  not  be  tolerated  in  the  laying  of  pipes 
through  earth  dams  because  of  certainty  of  failure, 

1.  Drilling.  Both  churn  drilling  and  rotary  drilling  have 
been  used  to  bore  wells  in  the  area  under  consideration.  The  rotary 
method,  however,  is  nov/  used  almost  exclusively  by  all  the  large  well 
drilling  companies.  When  drilling  in  the  unconsolidated  sands  and 
clays  of  the  coastal  plains  formations,  either  method  Vidll  produce  a 
hole  considerably  larger  than  the  diameter  of  the  bit.  So  far  as  is 
known,  no  effort  has  ever  been  made  to  caliper  log  a  water  v;eir  in 
this  area,  but  the  experience  with  oil  wells  v/here  diameters  of  two 
to  three  times  the  bit  diameter  have  been  observed  in  formations  that 
are  tougher  than  the  snnds  and  clays  here,  indiqates  that  o'''"ersize 
viells  are  to  be  expected.  Oil  vrell  caliper  logs  are  mentioned  on 
pages  13  and  99   and  a  caliper  and  logs  are  stiown  in  Figure  2U  and 
25,   pages  100  and  101  .  Experience  with  caliper  logging  in  the  oil 
industry  also  indicates  that  the  diameter  is  frequently  larger  in 
clay  formations  than  in  the  beds  of  sand.  This,  of  course,  depends 
on  the  reLative  extent  of  consolidation  and  induration  of  the  sands 
and  clays  as  it  affects  their  ability  to  resist  t-he  erosion  action 
that  accompanies  drilling  operations.  Figure  5  indicates  the  con- 
dition that  might  be  expected  where  sands  are  fine,  loose  and  less 
resistant  than  the  clays.  Generally  wells  are  drilled  mth  a  bit 
an  inch  or  so  larjer  than  the  casing  to  assure  easy  stringing  of 
the  casing  into  the  hole.  Thus  an  annular  opening  is  almost  cer- 
tain to  exist  throu^out  the  entire  length  of  the  casing. 
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Ordinarily  an  attempt  is  made  to  seal  outside  the  lower  end 
of  casings,  either  by  driving  the  casing  shoe  into  clay  before 
continuing  drilling,  by  pouring  a  cement  plug  around  the  casing 
shoe  and  drilling  out  the  cement  inside  before  continuing  downv/ard, 
or  by  using  a  packer  on  the  lower  end  of  the  casing  Virhich  expands  v/hen 
the  shoe  rests  on  bottom.  In  a  hole  that  may  be  two  or  three  times 
the  diameter  of  the  casing  only  the  drive  method  seems  reasonably 
sure  of  forming  a  tight  seal,  but  even  with  this  method  there  is 
no  assurance  that  subsequent  drilling,  developracnt  or  heavy  pumping 
v/ill  not  erode  and  break  the  seal, 

Tfihcn  seals  are  used  only  at  the  foot  of  a  casing  penetrating 
several  aquifers,  the  annular  space  betviTcen  the  casing  and  the  wall 
of  the  ovorsizc  hole  forms  an  open  conduit  betv/een  all  aquifers  above 
the  casing  shoe.  Thus  a  deep  V7cll  which  is  apparently  giving  no 
trouble  may  actually  bo  responsible  for  serious  vertical  leakage 
between  higher  aquifers. 

•  '.Z.  Devolopment.  By  "devclopnont"  is  meant  the  removal  of 
silt  and  sand  from  the  assorted  material  around  the  well  screen 
in  order  to  produce  a  natural  filter  grading  from  coarse  to  fine 
material  away  from  the  screen.  Development  reduces  the  resistance 
to  flow  into  the  well  t.nd  thus  reduces  the  amount  of  dra\irdovm  re- 
quired to  produce  a  certain  yield.  It  also  permits  the  use  of 
larger  screen  slots  v/ithout  being  bothered  by  sand  troubles  during 
the -initial  use  of  a  well.  Development  is  accomplished  by  a  variety 
of  methods  all  designed  to  obtain  a  back  and  forth  surging  action 
which  loosens  the  fine  material  anddrav/s  it  through  the  screen 
where  it  can  be  bailed  from  the  vrall.  The  vigorous  surging  action 
not  infrequently  causes  erosion  of  the  overlying  clays  around  the 
casing  above  the  screen  and  may  contribute  to  failure  of  the  seal 
at  the  casing  shoe. 

Figure  6  shows  i/hat  may  happen  dvrring  the  development  of  a 
well.  In  the  article  from  \.'hich  the  illustration  vtas  taken  it  is 
suggested  that  the  driller  r.sk  himself  the  following  questions  be- 
fore, proceeding  with  the  job  of  development.  15/ 

"Just  how  does  the  \.'ell  look  down  at  the  bottom?" 

"What  results  do  I  vant  to  get?" 

"7?hat  is  the  surge  plunger  going  to  do  i.hen  I  operate  it?" 


15/  "Precautions  ViTaon  Using  Surge  Plungers  in  Developing  Y/ater 
Wells"  Bulletin  1033,  Edward  E.  Johnson,  Inc.,  St.  Paul, 
Minnesota .  1941. 
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Fig.  5  Typical  Cross-Section  of  a  Well 
Drilled  Through  Sands  and  Clays. 
Illustration  from  "Correcting 
Defects"  by  Louis  T.  Watry; 
The  Driller,  Vol.  11,  No.  5,  p. 7 
May  1937. 
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Fig.  6.  Leakage  Caused  by  Improper 
Development . 
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"How  far  do  I  wnnt'  fo  carry  the  work?"      .  ■  :  ■  .>-^ 

"What  am  I  going  to  watch  to  determine  if  the  work  is 
going  along  0.  K.  .and  hovif  long  to  continue?" 

The  thing  ordin;\rily  Wf;tched  for  is  the  appearance  of  con- 
siderable quantities  of  clay  inside  the  screen.  This  is  taken  as 
an  indication  that  the  surg.ing  is  eroding  the  overlying  formation. 
Lnproper  development  of  th<3  tyj^e  shpwo  in  Figure  6  produces  a  well 
that  leaks  from  the  outsslj-, 

3.  Gravel  Conductors.  Gravel  conductors  are  boreholes  placed 
six  to  eight  feet  from  the  main  well  and  s'lnk  to  the  top  of  the  aqui- 
fer to  be  used.  Gravel  is  fed  dovm  the  conductors  to  fill  the  cavity 
produced  when  sand  and  perhaps  clay  is  pumped  either  during  develop- 
ment or  later  during  regulra*  Ui5«  of  th«  wt;ll.  Some  wells  in  this 
area  have  been  "taking't  ^ti^vaX  J^or  ©"feveral  years.  Gravel  conductors 
arc  usually  cased  v.lth  f  our  or  six  inch  pipe  which  is  supposed  to  be 
sealed  at  some  point  in  the  clay  above  the  aquifer  developed.  One  or 
two  conductors  are  used  per  vjell.  Each  conductor  drilled  in  the  area 
creates  another  "possible  source  of  vertical  leakage,  and  since  the 
conductors  are  kept  full  of  gravel,  they  cannot  readily  be  tested 
for  leaks,  Wien  conductor  casings  are  sealed  only  at  the  bottom, 
the  annular  space  outside  serves  as  a  conduit  between  upper  formations. 
The  presence  of  moi-e  conductors  than  wells  in  some  groups  tremendously 
complicates  the  job  of  disc6vering  exactly  where  leakage  is  occurring. 

j.     High  Pumping  Rates.  The  use  of  high  pumping  rates  appears 
to  have  been  responsible  for  much  of  the  leakage.  This  is  probably 
due  both  to  the  great  erosive  action  around  the  v/ell  and  to  the  high 
differences  in  head  between  upper  and  lower  foriTiations  v/hich  accompany 
the  high  pumping  rates;  Practically  0.11   of  the  v;ells  now  giving  most 
trouble  are  equipped  with  motor  driven  deep  well  turbine  pumps  that 
will  deliver  ^00  to  700  gallons  .per  minute.  Air  lift  v/ells  which 
normally  discharge  only  50  to  100  gallons  per  minute  have  not  originally 
shown  chloride  contamination  nearly  so  soon  after  going  into  operation, 
nor  have  the  difficulties  been  as  severe. 

As  examples  of  the  difference  in  difficulties  which  may  be  due 
primarily  to  differences  in  pumping  rates  and  methods,  the  experiences 
at  the  Continental  Oil  Company  and  the  Royster  Guano  Company  are  cited 
here.  The  Continental  Oil  Company  equipped  two  new  wells  with  the 
turbine  pumps  in  1936  and  two  more  in  1937.  Deliveries  for  these 
v/e'lls  ranged  from  ^00  to  750  gallons  per  juinute.  In  19^1  one  well  had 
to  be  abandoned  because  the  strainer  collapsed.  In  19A2  the  three 
remaining  wells  vrere  delivering  xvater  with  chloride  of  79,  117  and  $60 
p. p.m.  respectively.  The  Royster  Guano  Company  well   2000  feet  away  on 
land  built  out  into  the  Patapsco  River  vras  drilled  in  1919  and  equipped 
with  a  reciprocating  piston  pump  that  delivers  about  20  gallons  per 
minute.  In  194-2  the  water  was  of  excellent  quality  and  still  retained 


-56- 


its  rtatural  chloride  content  of  8  p. p.m. 

The  contamination  at  the  Continental  Oil  Company  wells  is  a 
clear  case  of  leakage  for  the  chlorides  vary  erratically,  the  well 
v;ith  highest  chlorides  is  farthest  from  the  area  of  general  contamina- 
tion, and  there  are  wells  in  all- directions  that  produce  uncontaminated 
water  from  the  same  aquifer.  The  problem  at  the  Continental  Oil  Com- 
pany is  eonplicated  by  the  presence  of  gravel  conductors  and  10  abandoned 
but  unsealed  wells . • 

'5.  Corrosive  Shallow  Water.  The  shallow  waters  are  frequently 
contaminated  with  acids  lost  or.viasted  from  industrial  processes,  or 
derived  from  the  oxidation  of  sulphur  bearing  slag  and  other  industrial 
wastes  used  for  fill  materials  throughout  the  area.  The- high  acid 
content  of  the  soil  in  the  Canton  area  has  been  mentioned-  on  page  8. 
Since  these  acid  and  salt  contaminated  waters  ordinarily  have  free 
access  to  the  casings  it  is  certain  that  the  rate  of  corrosion  is  high. 
Few  wells  in  the  area  are  usuable  for  more  than  15  or  20  years.  At 
the,  Crovm  Cork  and  Seal  Company's  Highlandtor.n  plant,  viell   equipment 
is  removed  every  year  or  so  to  patch  large  holes  that  have  been  eaten 
in  the  suction  or  discharge  pipe  of  the  pump.  With  wells  unprotected 
by'  a  cement  shell,  leakage  through  and  down  inside  the  casing  as  a 
result  of  corrosion  is  sure  to  occur  sooner  or  later.  : 

6.-  Earth,. Dam  Experience.  As  a  result  of  numerous . failures  of 
earth  damS'  dud  to  "piping",  i.  ,e.;y  the  development  of  open  channels 
of  flow.  :along' smooth  .conduits  larid  through  embankments,  this  type  of 
construct  ion  has  had  to  be  abandoned.  '■  Tunnels  around  the  ends  of  earth 
dams  are-  now  used  v/herever  feasible,  but  when  a'  pipe -must -.pass  under 
the'fill  it  has  become  accepted  practice  tp'place  it  in  a. trench 
■excavated  beneath  the  daja  proper  and  to  completely  fill  the  trench  and 
surround- the  pipe  \vith  a  dense  concrete.'  If  it  has-been  found  that 
leakage  along  pipes  through  dams  cannot  be  prevented  with  certainty  by 
tamping-  impervious  clays  around  them,  it  is  not  hr.rd  to  believe  that 
leakage  virill  frequently  occur  outside  'well  casings  that  are  set  in 
holes  of  unknown  diameter,  with  a-  single  uncertain  seal  at  the  bottom, 
and  subjected  to  head  differences  of  some  200  feet  between  the  upper 
and  lower  formations.  In  fact  it  is  almost  necessary  to  propose  the 
theory  that  the  clays  may  gradually  squeeze  in  against  the  casing,  or 
that  sand.,  silt  and  clay  may  be  trapped  in  constrictions  along  the  casing 
and  naturally  seal  a  well,  in  order  to  understand  why  all  wells  do  not 
leak  outside  the  casing.'.  •  ■     ..  ;..  .- 

The  oil  industry  has  recognized  the  seriousness  of  leakage  down 
outside  casings  for  s-ome  years  and  has  developed  successful  methods  of 
preventing,  this  leakage'  in  -wells  that  run  as.  deep  as  10,000  feet.  Pre- 
vention of  leakage  by  proper  use  of  cement  grout  is  fully  discussed  in 
Section  V. 
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Abundent  evidence  that  leakage  is  actually  occurring  in  v-ells 
throughout  the  Baltimore  area  is  provided  by  the  ejqDeriences  and 
tests  at  the  many  large  ground  vrater  using  industries. 

Leakage  Experience . 

With  few  exceptions  all  the  industries  ir:i  the  Baltimore  area 
that  use  large  quantities  of  ground  water  have  experienced  difficulty 
with  salt  contamination,  all  of  which  can  be  attributed  with  a  good 
deal  of  certainty  to  vertical  leakage.  The  experience  at  the  Viestern 
Electric  Company  and  their  almost  complete  success  in  correction  of 
the  difficulty  is  described  on  page  104.  The  situation  at  the  Continen- 
tal Oil  Company  has  been  mentioned  above.  Among  the  many  other  indus- 
tries v/hose  experiences  niight  be  cited  as  evidence  that  leakage  is  the 
cause  of  the  contamination,  those  of  the  Bethlehem  Steel  Company,  the 
U.  S.  Industrial  Cherrdcal  Gon^-->aiiy  and  the  Davison  Chemical  Company  vdll 
be  selected  for  discussion  hei-e  because  they  have  received  most  atten- 
tion by  the  various  investigators. 

The  Bethlehem  Steel  Company.  Since  the  establishment  of  the  old  Mary- 
land Steel  Company  upwards  of  200  wells  iiave  been  drilled  at  Sparrows 
Point  of  vifhich  about  67  are  still  in  a  usable  condition.  The  wells  are 
located  in  groups  scattered  over  the  Point  and  penetrate  to  one  or  the 
other  of  four  major  aqi-dfers.  Most  of  the  early  viells   obtained  water 
from  the  100  and  the  200  foot  aquifers.  The  100  foot  formation  became 
salty  many  years  ago,  probably  from  both  leakage  and  entrance  of  river 
water  at  outcrops  not  far  av/ay.  All  the  100  foot  wells  and  many  of  the 
200  foot  and  deeper  v^ells  have  been  abandoned  as  salt  appeared  or  other 
difficulties  developed.  Some  of  the  earliest  v;ells  were  left  unplugged 
while  others  were  filled  by  pouring  concrete  into  the  tops  of  the  cas- 
ings. Since  about  1935  either  clay  or  cement  grout  has  been  used  to 
plug  vrells  v;hen  abandoned  and  great  pains  have  been  taken  to  seal  each 
well  completely. 

The  situation  at  Sparrovis  Point  has  become  extremely  complex. 
There  are  virells  in  every  group  that  are  sb.owing  high  chlorides  and 
nearby  v/ells  to  the  same  aquifers  which  produce  uncontaminated  water. 
The  chlorides  fluctuate  widely  and  in  many  cases  their  movement  is 
clearly  affected  by  pumping  various  combinations  of  wells. 

Mr.  Henri"  C.  Barksdale  I3/  spent  some  time  at  the  plant  con- 
ducting chloride-pumping  tests  of  the  type  described  later,  in  order 
to  determine  sources  of  leakage.  His  diagnoses  of  the  difficulties 
are  briefly  suiiimarized  to  illustrate  a  fev/  of  the  many  varieties  of 

13/  Henry  G .  Barksdale  "Ground  Water  Conditions  at  the  Sparrov/s  Point 
Maryland  Plant  of  the  Bethlehem  Steel  Company".  Confidential  Report 
to  the  U.  S.  Department  of  Interior  Geological  Survey,  March  29j  19^. 
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leakage  that  may  occur,  V/hcther  or  not  these  diagnoses  are  correct 
iTiay  only  be  finally  dcteriiiined  on  tho  basis  of  more  extended  tests 
than  time  peiToitted  Mr.  D9.rksda.le  to  make.  The  following  statements 
should,  thersfoi'e,  be  considered  .as  having  illustrative  value  only, 

To-wn  i;Jater  ;iells  to  the  200  foot  level  are  believed  to  be 
contaminated  by  leakage  at  the  Old  Tovm  Wells  2000  feet  av/ay.  There 
are  eleven  tovm  water  wells  four  of  v/hich  tap  the  200-  foot  aquifer 
and  the  balance  the  3^*0  foot  aquifer.  All  the  deeper  wells  produce 
uncontarainatfad  water.  There  are  27  old  to-vm  v/ells,  I4  of  which  reach 
to  or  beyond  the  200  foot  f or:aatiori.  The  four  which  are  not  abandoned 
are  rarely  used, 

>i^O-Inch  Mill  YJells.  range  from  210  to  66?  feet  in  depth.  Of 
the  eight  wells  in  the  group  only  No,  5  has  caused  trouble.  It  was 
believed  to  ha"*'e  been  originally  drilled  to  4,38  feet  and'  was  later 
changed  to  267  feet  depth.  The  old  8-inch  casing  was  cut  at  283  feet 
and  removed  and  a  nev;  6-inch  casing  ;';ith  screen  was  set  in  the  well. 
Tests  seemed  to  indicate  leakage  down  the  annular  space  outside  the 
6-inch  casing. 

Hot  Strip  Mill  V'^ells  ,  are  nino  -in  hiimber.  Wells  1,  5  and  8 
are-  to  the  230  foot  formation;,  2, .  4  and  9  to  the  33O  foot  formation 
and  3,  6  and  7  to  the  6S0  foot  strata.  ■' 

There  was  no  indication  of  leaks  through  the  casings. 
Diagnoses  were  as  fo3.1owE:  No,  9,  ss-^'^   v;ater  entering  through  or 
around  one  of  the  gravel  conductors.  No.  4,  contaminated  by  salt 
■water  traveling  along  one  of  the  gravel  conductors  of  well  Mo,  6, 
No,  5 J  salt  water  entering  through  or  around  one  of  its  gravel 
conductors. 

Sheet  Mill  \10ll3,   tvro  in  nuraber,  both  contaminated.  No,  1 
is  177  feet  deep  and  No.  2,  228  feet  deep.  Both 'arq  believed  to 
be  contaminated  by  salt  Vvrater  leaking •  doi,vn  the  annular  space  between 
the  casing  and  the  rotary  drilled  hole  and  also  doiAm  the  gravel 
conductors,        . 

Vifire  Mill  V.'ells.  Of  the  12  we'lls  in  the  group  at  this  mill 
two  hav.:;-  beeii  abandoned  and  only  No.  8  wtiich  is  618  feet  deep  is 
giving  trouble.  Tests  indicate  leakage  through  a  perforation  in 
the  casing. 

U.  S.  Industrial  Chcirdcal  Company.  The  U.  S.  Industrial 
Chemical  Company  has  tv/o  plants,  one  in-  Fairfield  and  one  in  Curtis 
Bay,  Seventeen  wells  have  been  dri3.1ed  at  the  Fairfield  Plant  of 
which  three  are  in  use  at  present.  Wo  chloride  difficulties  have 
developed  at  the 'Fairfield  plant.  Twenty-eight  wells  have  been 
drilled  at  the  Curtis  Bay  Alcohol  Plant  of  which  six  are  still  in 
use.  Salt  C':)ntamination  problems  had  developed  in  this  plant  prior 
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to.  1920  for  in  that  year  Dr.  Joseph  T.  Singevifald  vras  called  in  to 
study  the  situation  and  suggest  remedial  measures. 

Table  XII  shov/s  chloride  contents  prior  to  and  during  1920  and 
in  1942  v.'hen  v/aters  \ioro   spot  tested.  All  the  wells  used  in  1920 
have  since  been  abandoned.  The  high  chloride  content  of  v/ater  in 
well  3929  which  taps  the  300  foot  level  that  had  shovm  signs  of 
ftontamination  in  1920  indicates  leakage  to  this  level  has  continued 
to  increase.  The  357  foot  wells  show  a  rise  to  45  p. p.m.  over  the 
4  or  5  p. p.m.  for  wells  7  and  9  in  1920,  The  problem  at  the  U,  S. 
Industrial  Alcohol  Plant  has  not  received  intensive  study  in  recent 
years  because  sufficient  fairly  lov;  chloride  v;ater  is  still  produced. 

The  Davison  Chemical  Company.  There  are  eight  v;olls  at  this 
plant.  Nos.  1  and  6  v/dre  air  lift  wells  drilled  about  200  feet 

.  from  the  Bay  and  Nos.  7  and  S  are  deep  well  turbine  pumped  and 
are  about  700  and  6OO  feet  farther  inland.  Wells  Nos.  1  and  5  v;ero 
abandoned  and  an  attempt  v/as  made  to  seal  them  \;ith  cement.  Unfor- 
.•  tunately,  the  procedure  used  is  unknoi/m.  Well  No.  6  yields  water 
v/ith  a  chloride  content  around  300  p.p.m.  and  is  therefore  not 
much  used,  Vfcll  No.  8  which  is  between  ?/ells  Nos.  6  and  7  has; 
delivered  water  T^dth  increasing  chloride  content  since  the  summer 
of  1940.  Tests  carried  out  at  this  plant  by  llir,   Barksdale  1^/  in- 
dicated that  there  i.;ere  no  leaks  in  the  casings  of  wells  Nos.  6,  7 
.and  8,  that  the  entire  area  arovind  v/ell  No.  6'  v/as  contaminated  and 
that  salty  water  accumulated  around  the  top  of  the  screen  in  v;ell 
No.  8  when  it  was  shut  down.  These  results  vifere  interpreted  to  in- 
dicate the  movement"  of  salty  water  from  the  old  well  field  where  it 
was  believed  one  or  more  of  the  plugged  wells  still  leaked  seriously. 
The  tests  on  Well  No,  8  could  as  readily  have  been  interpreted  as 
indicating  leakage  dovm  outside  its  ovm  casing  but  this  presumably 

"was  assumed  impossible  because  the  casing  had  been  grouted  in  place. 

'However,  vertical  leakage  occasionally  occurs  in  grouted  wells. 
Testing  with  different-  pumping  rates  as  described  later  might  throw 
light  on  the  situation.  Apparently  Well  No,  7  taps  only  the  lower 
of  tvro  aquifers  which  are  separated  by  a  narrow  band  of  clay  and  the 
salt  water  is  coming  into  Well  No.  8  through  the  upper  of  these  two. 
No  perceptible  increase  in  chlorides  has  ever  been  observed  in  Well 
No.  7. 

The  appearance  of  chlorides  in  certain  vrells  v;hile  others 
nearby  and  to  the  same  aquifer  are  free  of  contamination  is 


13/  Henry  C.  Barksdale  "Groimd  Water  Conditions  at  the  Sparrows 
Point,  Maryland  Plant  of  the  Bethlehem  Steel  Company". 
Confidential  Report  to  the  U.  S.  Department  of  the  Interior, 
Geological  Survey,  March  29,  1941.- 
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characteristic  of  all  well  fields  along  the  Patapsco  River  below 
Canton  and  Locust-Point.  This  f net  alone  is  a  fairly; clear  indi- 
cation that  leakage  is  responsible  for  the  chloride  difficulties. 
That  leakage  is  responsible  can  be  reasoned  from  the  knowledge  of 
What. occurs  when  wells  are  .^drilled  by  the  methods  commonly,  used  in 
the  area.  Finally  the  fact. that  vertical  leaJcage  inside  or  outside 
of  casings-  must  be  responsible  for  the  chloride 'tests  that  have  been 
made.  '  .  '  '        .      ■.   . 

in  order  that  the 'methods  for.  testing "wells  to  determine  the 
source  of  leakage  will.be.  more  widely  -understood  and  adopted,  they 
are  elp,b.orated  here.- 

'  ■  Testing  for  Chloride  Leakage' 

The  methods- at  present  in  nse   for  testing' wells 'to  determine 
the  source  and  manner  of  entrance  of  the  high  clqride  water  may 
be  divided  conveniently  into  four  classes,  '  1)  ■  Pumping  and  chloride 
analysis  methods.  2)  Resistivity  methods.  3)  Current  meter  methods. 
.  an.d  4)...  GepcheiTiical  analysis  methods. 

■"   The  pumping  and  chloride  testing  methods  are  relatively  straight 
forv/ard  and'  can  be  applied  to  any  well  if  app^^ratus  is  available  for 
determining  the  chloride  content  of  samples  taken, .  Hovrever,  correct 
diagnosis -of  the  cause  of  leakage  from -the -test  data  obtained  re- 
quires careful  analysis.  Therefore,  typical  leakage  situations  and 
the' resulting  t.ime-chl-oride  curves' are  discussed  in  detail. 

The  resistivity  methods  provide' "a  very  accurate  means  of  locating 
leakage  through  casing  perforations  but  special  cells  and  cables  are 
required.  There  is  believed  to  be  som.e  possibility  of  determining  the 
source  of  chloride  water  by  correlation  of  resistivity  and  chloride 
analyses.  An  investigation  of  this,  p.osisibility  is  described. 

The  current  meter  method  depends^  on  the  measurement  of  vertical 
Movement  of  the  water  coluron  inside  the  casing  by  use  of  a  very  deli- 
cately balanced  propeller.  The  equipment  is  expensive  and  must  be 
handled  with  care.  It  is  useful  for  establishing  the  point,  the 
direction  and  the  aniount  of  leakage  through  casings.  Both  resistivity 
and  current  meter  equipijient  will  be  available  for  use  -^  n  carrying  on 
the  State  and  Federal  cooperative  study.'  The  resistivity  and  current 
meter  methods  vdll  not  be  discussed  because  the  equipment  is  available 
only  to  specialists  in  ground  v;ater  and  because  it  is  used  for  the 
relatively  simple  job  of  discovering' leakage  through  casing  perforations. 

Geochemical  analyses  methods  seem,  to  have  many  promising  possi- 
bilities in  connection  with  determining  the  source  and  ajiiount  of 
leakage  and  for  establishing  the  interconnection  of  aquifers  in, dif- 
ferent areas.  They  have  the  disadvantages  of  being  little  understood 
and  of  requiring  a  complete  mineral  analysis  of  the  water. 
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Puinplng  and  Chloride  Testing. 

Pumping  and  chloride  ajialT-sis  tests  are  commonly  carried  out 
"as  follows.  The  well  is'  allowed  to  stand  idle  over  night  oi*  for 
several;  hours,  after  which  it.  is  started  up  and  the  water  sampled 
every  few  seconds,  for  several  minutes,  then  at  increasing  time 
interv.als  up  to  several  hours.  The  samples  are  an?.lysed  .for  chlorides 
and  the  time-chloride  curve  is  plotted  for  the  test.  If  the  rate,  of 
piimping  is  measured  it  is  possible  to  estimate  the  point  in  the  casing 
or  in  the  gravel  fr<5m  which  t-he  water  is  derived  after  any  time  inter- 
val from  starting  the  pump.  The  estimate  of  the  location  of  the  most 
highly  contaminated  water  is  used  to  diagnose  the  .source  and  manner 
of  chDoride  contamination.  The  test  results  will  vary  depending  on  the 
length  of  shut  down, ■ the  rate  Of  pumping  and  whether  or  not  nearby 
wells  are  running,  as  well  as  on -the  actual  leakage  occurring -in  or 
around  the  y;ell.  These  things,- therefore^  .must  be  taken  into"  account. 
By  conducting  several  tests  in  vjhich  the  length  of  shut  down,  the 
pvunping  rate  and  the  operation  o|^  adjacent  virells  are  varied  a  great  . 
deal  of  significant  information  may  be  obtained. 

In  order  to  prophesy  the  time-chloride  cur^veis  which  will  be  pro^  -. 
duced  by  various  types  of  leakage  a  well  vi/ilL  be  assuraed  which  passes 
through  a  shallow  highly  salt  contajninated  a.quifer,  and  .draws  its  sup-. 
ply  from  a  deeper  strata*  ,  •   ' 

Since  the  direction  of  leakage  during  shutdown  is  governed  by 
the  static  levels  in  the  two  aquifers  it  is  necessary  to,  further 
assume  that  the  static  water  level  staJids  at  a  greater  distance  below 
the  ground  in  the  deeper  aquifer.  This  is  the  normal  state  of  affairs 
because  vihen  the  shallovf  strata  become  contaminated  by  leakage  tho 
louver  ones  are  pumped  more  heavily.. 

The  static  levels  duririg  shutdovm  have  a  profound  effect  on 
the  time-chloride  curves.  If  the .static  level  in  the  lower  forma- 
tion should  stand  above  that  in  the  upper  arid  if  this  relative  head 
situation  is  reversed  when  pumping  jstarts,  time-chloride  curves  will 
result  which  are  entirely. different  than  those  for  the  normal  condi- 
tions assumed. above.  c 

Leakage  Inside  the  Casing.  Salt.vifater  entering  a  perforated 
casing  will  move  down  the  well  displacing  and  mixing  ncLth  the  fresher 
water  left  in  the  casing  when  the  pump  v/as  'stopped.  Water  above  the 
leak  will  float  on  the  salty  water  entering  the  well  and  its  chloride 
content  will  remain  unchanged  during  the  shutdofm.-  If  the  leak  is 
beloYif  the  pixmp  intake,  the  time-chloride  curve  will  rise  sharply 
after  the  fresh  water  above  the  leak  has  been  pumped  from'the  well;  ; 
The  volume  of  water  pumped  before  t.he  appearance  of  high  chlorides 
will  equal  the  capacity  of  the  casing  between  the  static  and  dynamic 
levels  plus  the  capacity  of  the  casing  betv^reen  the  foot  of  the  riser 
pipe  and  the  leak.  To  this  must  be  added  the  capacity  of  the  riser 
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pipe  between  the  dynamic  level  and  the  foot  of  the  riser  pipe  in 
order  to  allow  for  the  time  required  to  remove  the  additional  fresh 
water  inside  the  riser,  "^ha  time  raeasiirement  should  be  started  v;hen 
water  first  appears  at  the  sampling  poajit. 

Sample  computations .  af  th«  diataihc*  from  the  foot  of  the  riser 
to  the  leak  are  explained  in  Appendix  V. 

If  the  leak  is  above  the  lower  cod  of  the  riser,  the  volume  of 
water  pumped  before  the  ajjjjearawoe  of  hi^  chlorides  will  equal  the 
internal  capacity  of  the  riser  pipe  below  the  static  level.  In  this 
ease  the  level  at  which  the  well  is  leaking  cannot  be  estimated  from 
the  tlrae-chloride  curve,. 

If  computations  indicate  that  a«lt  water  is  entering  near 
the  bottom  of  the  well,  leatkage  outside  the  casing  should  be  suspected. 

Leakage  Outside  t^it;  gag i,|D^>  Salty  water  leaking  down  outside 
the  casing  will  accumulate  in' and  around  the  screen  at  the  bottom 
of  the  well  unless  pumping  at  a  nearljy  well. is  pulling  water  through 
■and  past  the  well  uuder  test.  The  fresher  water  left  ir>5ide  the 
casihg will  normally  float  dn  the  salty  water  and  prevent  the  latter 
■from  rising  up  the  casing.  If  the  outside  casing  leak  is  large  and 
the  static  level  in  the  contaminating  aquifer  is  considerably  higher 
than  that  in  the  contaminated  aquifer,  salt  water  mi^t  rise  inside 
the  well  for  a  short  distance.  In  fact,  the  water  level  in  the  well 
will  be  compelled  hy  heavy  leakage  to  rise  above  the  true  static  level 
for  the  lower  aquif er»  The  phenomena  are  the  exact  reverse  of  "Drawdown" , 

The  full  cycle  of  events  is  as  follows,  Vifhen  the  pump  is 
stopped,  contaminated  leakage  water  continues  to  flow  into  the  pure 
water  aquifer,  filling  the  aquifer  around  the  leak  and  forcing  the 
pure  water  back  away  fr©«  the  well.  On  starting  the  pump  the  casing 
water  is, first  discherged*  During  this  period  the  chlorides  remain 
constant  at  the  valve  wherj  the  pump  was  stopped.  The  leakage  water 
then  appears  and  the  chlorides  rise  rapidly  to  a  maximum,  then  de- 
crease gradually  tor   a  shori  period  as  the  lower  aquifer  is  cleared 
of  salty  water  that  entered  4uf ing  the  shutdown,  and  finally  decrease 
rather  rapidly  to  a  constant  amount,  Sep  Figure  7«  The  length  of 
period  of  gradual  decrease  after  the  rise  to  a  sudden  peak  will  be 
longer  the  greater  the  length  af  the  shutdown  period. 

Decrease  in  the  rate  of  p^mpiog  at  whleh  the  test  is  made  will 
spread  the  time  scale  but  ahoulci  n^t  materially  affect  the  maximum 
peak  chloride  value.  The  final  constant  chloride  value  will  however 
depend  on  the  pumping  rate« 

For  arteslai*  aquifers  the  sj»c«lfic  delivery  is  approximately 
constant  for  varicMS  drawdowns,  that  ts*  the  increase  in  yield  per 
foot  of  draw4>wii  is  ••i^ta»t«  Fvrthemore,  unless  the  leakage  rate 
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is  very  high  the  dr§wdowfiin  the  upper' qpntaffdriated  formation 
should  be  small  ^"cop-pcired  iArith  that  ih'th'e  vmll.     If  the  leak 
delivers  \vater  tcT  thje.  well  by"  turbulent  flo?;  the  rate  of  leakage 
will  vary  as  the''s(juare-'root 'of  the  ratiOj^f  differences  between 
the  static  level'- ih' the  contaminating 'ag^ijifer  and  the  dynamic  level 
in  the  pumped  weDJlj^wi^xle'the  flovr  of  fresh  -wfater  from  the  aquifer 
will  vary  directf^  rwith  the  changes  in  d^'-naiaic  level  or  drawdoim. 
Thus  as  pumping  rates  increase  the-  chloride  content  of  the  water 
will  drop  rapidly,  _  Of  course  the  .higher 'pmiping  rate  may  gradually 
enlarge  the  ,lecl1^-and  ..further,  damage. ■t.Kg_'^"i'e,ll,«.^    •  ■ 

In  Appendix"'\(I  .exaJAples  are  wo'l^^ed  out  which  show  the  effect 
of  different  ■piiii^^ihg  rates  on  the  chloridt|,. content  of  the  mixed 
leakage  and  fresh  -water.  ■^-   "   \    s   ■^■'  " 

Comparison  of  measured  and  compu-ted. chloride,  contents  for 
different  pumpirig  rates  should  be  very  helpful  in  diagnosing  the 
source,  type  and  amount  of  leakage.     If  measured  and  calculated 
values  of  chloride' -changes  do  not  agree,   this  informant  ion  can  be 
used  v;ith  the  time-^chloride  curyes  for  further  analysis  and  in- 
terpretation. ,  For  example,  if ■ -t'h^j  ■  leakage  rate  is  high,   the  ap- 
proximate estimate  of  chloride  changess  based  on  'an  assiimed  low 
leakagd '^vill.  give  a  chlprido  value^  f  or  the  higl?  pumping  rate  that 
ig  gr.eater  t"beri-the  measured  -T-aitiQr;.  ,.FurtherjMr-e,~  iVl^^ 
-fco  obtain -additional  inf,ormation  by.  yaJfJdi-Tg^thei  lertgth  of  shiitdown 
to  .obtain- -diff'^i'ent  tinTe-chloride  curves 'f^-om. which- the  rate  of 
ieakag.e':.cMl_^be-.estiiiH-t>ed  tjy  comparirig-  tlj^  'areas  under  the  high  part 
of  the  .curves^ ..  This  ihformatibn' can  then  be,use|ijt6  "ci:ie^Qk.'!trt&  leak- 
age' rates  estimated  .froia  studies  qf  .-the '' ehlqr-ide'  vafist/ions  iifith 
changes  In  "'pumping  rates..    ...  ■   •-'".•      •    '     '  ^.-.  ■  ■■  • 

If  computed  and  measured  values  for  chlorides  at'  various 
puiaping  rates  differ  widely  arid  erratipally,  a  complicated  situa- 
tion which  raay.invol-ve  the  effect 'of  leakage 'and  pumping,  at  other 
vjells  tharr-.the' one  tested  .iS' indicated.', . 

.      '    ■:■  .■■:;••■  ,  >■■'.     ':■     '    '  ■'■■'..   ^  i  ■    • 

.  .  ■  ■  •  ■-  -«■<■*■">*■  -         •  >-  .•  .^ 

■  ■  ■  ■'       •     '  '^,^l■iA'^■  .„    ,-■:   fc"----  •'.'   '        , ,  ■,     ■ 

i;ith-  ordinary  leakHfi;e;..9.utsi3e  '''ijjif.-.ge-^ln^  ptppid'g  'of  jiearby 
wells  while:  the  ,t^st«5'd  "'-''"'    -  -   -'--■■^'^^^  —  •^...ti-'L..«n  .  j.u^*-tT  -„i  -■_ 

water  aivay  •frdla.thc 

by  a  rise  in';chloi 

tion  in.  the  cri-tifcal  chloride»  incred'se  on  start. iijg«the'*  pump  in  the 

leaky.  v.'ell,.  For  this  reason  wells  within  v'^<^eral  Jiundr^d  "feet,  of 

the  tested  well  should  not  b^.  pumj.5'e3  durifig  the  "first"* tests.  Then 

if  desired  the  other  v,;ells"  might  ^ be  run  to  determine  ■ 'the  effect  on 

the  movement  o'f  chlorides.  ''  '        '  „  *■  - 

•'  '  _  .  -  '■  '^  ,^.,,tj  ;  ""•^_.  ^.^ 

Leakage  at  Other  I^'ells.  If  the  time  Sor  appearance  ^df^high  ■*'■■ '' 
chlorides  after  a  shutdovm  is  ^e'ater^than  thht'  requir(?<!l*x6" pump 
out  the  casing  the.  leak 'must  .be. at-'soinq  other"well  or  in  one  of 
the  gravel' conduct9rs.<  Of 'the  .man/'possible  situations,  the  follow- 


-65  - 


a> 


^   Q 

UJ 

K 

< 

UJ 

Q. 

1^  Q. 

. 

■^  < 

> 

1- 

^ 

(/) 

o 

cc 

0) 

u. 

XJ 

(D 

•H 

(T 

O 

UJ 

H 

< 

o 
1 

^ 

a> 

■S 

in  QC 

E-i 

UJ 

J- 

CO 

u. 

o 

< 

•H 

w 

E-i 

<r  ui 

1- 

3 

£> 

Z 

s 

bo 

•H 

to  2 

Et, 

UJ 

Z 

CO 


■Wdd-S3aiM01HO 


67 


ing  only  will  be  considered,  1)  Leakage  down  the  wells  own  gravel 
conductor.  2)  Leakage  down, an  abandoned  well  or  conductor  or  down 
outside  the  casing  of  a  vrell  or  conductor  that  penetrates  to  a 
deeper  aquifer.  3)  Leakage  down  a  used  well  or  conductor  that 
ends  in  the  same  strata  as  the  well  tested* 


Leakage  down  a  well's  own  gravel  conductor  is.  evidenced. in 
the  time-chloride  curve  by  the  length  of  lag  in  the  appearance  of 
high  chloride  water.  If  the  thickness  of  the  aquifer  and  the  pump- 
ing rate  are  known  the  time  required  to  evacuate  the  ground  out  to 
the  conductor  can  be  estimated  fairly  accurately.  .  Comparison  of  this 
time  Tfith  the  time  for  chloride  appearance  vdll  indicate  whether  or 
not  the  conductor. should  be  suspicioned.  Varying  the  length  of 
shutdoiwi  vjill  allow  the  chloride  water  to  spread  so  high  chlorides 
■should  appear  in  less  time  the  longer  the  shutdown.  On  increasing 
the  pumping  rate  there  will  be  a  much  smaller  percentage  drop  in 
chlorides  if  the  conductor  is  leaking  than  if  the  well  itself  leaks. 
This  can  be  figured  out  if  the  dynamic  level  in  the  conductor  is 
•measured.  Pumping  nearby  wells  in  various  directions  one  by  one 
should  move  the  chlorides  one  vray  or  another  in  the., ground.  The 
direction  of  the  leak  could  then  be  determined,  from  study, . of . the 
various  time-chloride  curves  taken. 

Leakage  down  abandoned  wells  "or  conductoi's,  or  outside  cas- 
ings of  deeper  wells  and  conductors,  is  indicated  by  the  long  time- 
lag  in  the  chloride  rise  after  a  shutdo^vn,  by  the- very  slight  effect 
•on  chlorides  of  changes  in  pumping ■ rates  and -by  the  great  effect  of 
running  other  wells.  When  this . situation  is  indicated,  attempts  should 
be  made  to  localize  the  source  by  pumping  various  wells  or  combina- 
tions of  wells.  If  several  time-chloride  curves  can  be  obtained  for 
different  wells  operated  singly,  the  various  time  values  can  be  used 
to  determine  the  approximate^jlocation  of  the  leaking  well.  All  that 
is  necessary  is  use  of  the  fact  that  the  time  for  arrival  of  the 
accumulated  hi^  chlorides  increases  as^.the  square,  of  .-the  .distance 
of  these  chlorides,  from  the  v;ell  tested.  This  makes  possible  the 
computation  of  the  ratios  of  the  distances  to  the  source  from  the 
tested  wells.  Then  by  trial  a  length  scale  can  be  selected  v;hich 
^vill  cause  all  the  distance  arcs  struck  from  tested  xvells  to  inter- 
sect. If  different  pumping  rates  are  used  at  the  different  wells 
during  each  test  this  must  be  taken  into  account.  By  such  tests  the 
field  of  possibilities  can  be  narrowed  until  the  responsible  well  is 
located.  This  well  or  conductor  can  then  be  tested  and  repaired  by 
methods  described  later. 

Before,  leaving  this  subject  the  type  of  time-chloride  curve 
produced  when  the  static  level  in  the  upper  or  contaminated  formation 
is  at  a  lov/er  elevation  than  that  in  the  .''fresh  water  aquifer,  should 
be  mentioned.  Under  these  circumstances  the  leakage  will  be  upward 
during  shutdown  and  water  from  the  lower  strata  will  freshen  the 
upper.  The  time-chloride  curve  would  show  a. long  lag  probably  quite 
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-similar,  to  that  produced,  by.  leakage  to  the  lower  aquifer  at  ja" 
distant  well^'.  However,  .the-  difference  can  be  told,  Xo.r  the  longer 
.the  shutdown,  the  greater  .the  -lag  and  this  is  the  -.opposite/of  the 
behavior  when -leakage  as..dovmvi,rard  at  anothsr  i«."^l  to  the.  same  forma- 
tion. Moreover,  after  .downV'^ard  flow  is  reestablished- in  the  .leaking 
well,  the  chlorides  will  vary  with  changes  in  the  pumping  rate  as  in 
any.. leaking,  well ».■:..     ."■.-■■.■     ■.■.      •   ■   -^^  .' 

The- above- discussions  and  proposted  t.ests  are  .elabaratibns  of 

-the  idea  of  shutdo.v/n  .and  purap'  test.ing  and  time-chloride' testing  that 
has  been  in  use  for  some  yeafsv  :  No  record  .has- been- found- of 'past 
use  of  the- variations- In  chlorides ^. vdth  changejsj  in.  pumping  rates 
for- deter.idning;- sources  and  rat^ss;  of  leakage.-  Nq  doubt,  the  simple 
ide.a-§  involved  have. been.- applied,  before,  U^fortuha.tely,.  time.. and 
means;  were  not  available  to  put  the  ideas  prgse^ited  into  use  by 

;  making  a  .^.eries  of  tests  of  leaky  vrel.ls.  This  .should- in:' no  -way 
detract  .from  their;  value,  for  there  is -no  way  to.  ob.serve' vl&ually 

;What-.-i.s  taking  place  in  the- jp-iound  in.;  o  Me  r,  to  check  ;  the:,  analysis 
of  a  set  of  time-chloride  a.a-d.  pur^p  t&st'data.!  The  only  final  assur- 
ance-, of  correct  diagnosis  is  through  multiplicity ' of  testa,  and 
through  final  success,  in  attempts  t.o  correct.-; th<j'li;akag6.  ■ 

Resistivity  Tests 

^  Either  resistivity  or  eonductiyity  measurements' can  be  Used 
in  several  ways  in  connection  with  chloride  .co-ntaininatioji.'. studies. 
These  are:  1,  for.  the  location  ..of  :casing  leaksj  2,;:f«rrrapidly 
analyzing  for  chlorides^  and:3,- in  c.onnecti-^n.witbj.  other; 'analyses 
for  determining  the  origin -of  .the  contarainating  yrater.  The  use  of 
resistivity  or  conductivity,  ^tasts  if  or  .locating  carding  leaks  has 
been,  mentioned  earlier-.  The  method  is  simple,  and  has  been  vddely 
employed.  The  discussion  is,  therefore,,  confined  to 'the  -valuO  of 
resistivity  measurements  .-as  a  means  of. -chloride  analysis^  a-nd-.to 
the  significance  of  resistivity  tests  vrfien  compared ;vd;th. ordinary 
-chemical  analysis  of-  chlorides.  As  back  .ground  f-or  this -.report 
)0f  tests,  the  theory  .o.f  measurem;ent  and  calculation  of  resistivi- 
ties is  reviewed  in  Appendix  VII.  ,...'.    -j. ■.■■:: 

In  the  present  work  specific  resistance,  i.e,;,  the  res.istance 
in  ob-Tis  of  a  unit  centini-eter  cube,  v-ras  measured-  with  an  Industrial 
Instruments  Company,  Model  RC,,  conductivity  ..-bridge  and  eonduc;tivity 
cell.  This  equipment  was  loaned  by  the  Bethleh.em  ]St,oel  Company. 
It  consisted  of  a  vacuum  tube  wheatstone-  bridge  wfith--  an  electric 
eye  and  a  cell  with  platinmn  blacked  electrodes.  The  ce].l  constant, 
which  was  actually  0.998.,  was  assuiaed  to  be  ; unity;.  Thus,  the  bridge 
was  assumed  to  read  directly  the  specific  resistance. in  ohms.- 

The  resistivities  of  pure  sodium  chloride  solutions  of 
different  concentrations  were  calculated  and  phecked  by  measure- 
ment Virith  the  above  equipr/ient .  The  procedure  used  is  described 
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in  Appendix  VII  and  the  values  obtained  are  plotted  in  Figure  8 
for  comparison  viith   the  chlorides  and  resistivities  of  natural 
waters. 

A  sample  of  Patapsco  River  water  was  then  diluted  to  various 
chloride  concentrations  and  the  specific  resistances  determined. 
This  writer  is  probably  the  original  source  of  most  of  the  contaJTiinat- 
ing  chlorides.  The  results  are  shown  in  Table  XIII  and  are  also 
plotted  in  Figure  8.  The  close  agreement  of  the  resistivity  measure- 
ments for  Patapsco  River  v/ater  vixth   those  for  pure  sodium  chloride 
solutions  indicates  tliat  the  conductivity  of  the  river  water  is  due 
primarily  to  the 'pi^esehce  .of  chlorides.  Since  the  natural  grotind 
waters  in  the  area  have  a  very  low  conductivity  it  should,  therefore, 
be  possible  to -determine  whether  or  not  the  contajoinating  waters  are 
derived  directly  from  the  r.iver  or  vfhether  they  have  picked  up  addi- 
tional salts  in  circulating  through  the  ground.  It  may  be  reasoned 
that  if  the  contaminating  river  water  is  entering  an  outcrop  directly 
and  moving  down  the  strata  or  if  it  takes  a  very  short  underground 
path  from  the  river  to  a  leaking  well,  there  v/ill  be  little  opportu- 
nity ,t.o  pick  up  additional  salts.  In  this  case  the  resistivity  of 
the  contaminated  Yv-ell  vjater  -should  be  close  to  that  for  a  pure  sodiuin 
chloride  solution-  of  the  sajne  chloride  ion  content.  On  the  other  hand 
if  a  well  is  contariunated  by  a  jrdxture  of  river  \vater  and  shallow 
ground  waiter  which  has  picked  up  acid  and  salts  other  than  sodium 
chloride,  the  resistivity  should  be  much  less  than  that  of  a  pure 
NaCl  solution  vath  the  s.aoie* chloride  ion  content.  Tests  show  that 
this  is  probably  true.     ^  •  • 

In  Table  XIV  arc  shown  the  pH  values,  chloride  contents, 
and  resistivities  for  spot  samples  of  a  number  of  active  wells.,  in 
the  area.  The  values  are  plotted  in  Figure  3  and  identified  by 
the  line  munber  column  (1)  in  Table  XIV. 

Consider  first  these  points  3.ying  close  to  the  theoretical 
chloride  -  specific  resistance  curve.  No.  17  is  the  repaired  Western 
Electric  well  close  to  the  river.  There  is  little  doubt  that  the 
chlorides  followed  a  short  undergi^ound  course  to  reach  the  leak  in 
this  vifell.  Nos.  3l  and  33  are  the  Continental  Oil  Company  Wells 
where  serious  chloride  leakage  is  developing.  Nos.  45  and  ^4.6  for 
the  Standard  Wholesale  Phosphate  Company  both  shovif' about  equal  pro- 
portionate deviation  froju  tha  theoretical  line.  This  is  true  of 
other  well  groups  and  indicates  the  source-of  co-ntairiinatiQn  of  all 
v/ells  in  such  groups  must  be  the  same,  Nos.  2,   22  and  4.7  are  all 
for  wells  close  to  the  river  where  entrance  oj^  chlorides  may  be  fairly 
direct.  No.  22,  the  Maryland  Drydock  well  shov/s  no  indication  of  the 
effect  of  surface  contamination.  This  v>rell  is  the  only  one  in  the 
area  that  is  suspected  of  indicating  an  extension  dovm  the  dip  of 
the  area  of  widespread  contamination.  This  particular  test  might 
indicate  such  an  extension  or  might  be  the  rt:sult  of  very  direct 
leakage  from  the  river  ivhich  is  only  100  feet  away. 
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TABLE  XIII 

Resistance  and  Chloride  Content 
of  Patapsco  River  Water 
•  at  Mouth  of  Baer  Creek.  , 

Sample  taken  200  feet  SF/  of  west  end 'of  railroad  bridge 
at  Sparrows  Point.  Sampled  at  the  beach.  pH  8.1.  Dilutions 
made  with  distilled  water  and  tested  for  specific  resistance. 


Measured        Calculated  Temp  r  at  T  r  at  18  C 
Chloride    (1)  Chloride    (2) 
ion  content     ion  content 

p.p.m.  ,  ,        p. p.m.  T  C  .  ohms  ohms 

.  .:  (1)"  ■         (2)  (3)  ,  U)  (5) 

5000          5000  22  70  77  ■-, 

2000  23.8  160  183. ■ 

•  '  —           1000,  2i!^.l  305  362  ■ 

—            500  24.1  '  575  ■  664 

-^            200  24.6  1850  21U0 

100  2-^.5  2700  3150  . 

50            50  2/^.3  5250  6080 

11            10  '2U  21300  24500 

(1)  These  values  measured  using  silver  nitrate 

(2)  These  figured  from  the  first  value  in  Column  (1)  and  from 
the  dilution  ratios.  . 
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All  the  wells  of  the  U.  S.  Industrial  Alcohol  Gorapany  except 
No.  2^/^,  that  is,  Mos.  ^0,  Al  and  43,  fall  along  a  line  parallel  to 
the  theoretical  indicating  similarity  ox   origin..  The  same  is  true 
for  the  Tvells  in  the  KighLandtown  area,  Nos,  20, ,21,  of  the'  Crown 
^  Cork  and  Seal  Company,  No.  2A  the  Monarch  Rubber  Company,  No..  25 
the  Pennsylvania  Water  and  Power  Company,  and  Nos.  18  and  19  the 
Schluderberg  Kurdle  Packijig  Gorapany.  The  latter  group  of  points 
indicates  that  these  virells  are  not  contaminated  by  river  water  alone, 
and  thus  that  shallow  waters,  highly  contajninated  with  acids  and 
salts,  are  leaking  into  these  weUs,  either  local3.y  or  into  the 
aquifers  between'  the  wells  and  the  river.  .  .The  similarity  of  the 
water  from  these  -widely  scattered  wells,  suggests  general  contamina- 
tion of  the  aquifer  through  lec\king  vrells  some  distance  tov/ard  the 
PatapsGo,  : 

The  results  presen'tjed  here  are  not  considered  at  all  conclu- 
sive and  are  set  forth  only  to  indicate  that  the  very  simple  procedure 
of  testing  both  chlorides  and  resistivities  n'uay  give  information  that 
can  be  used  to  advantage  with  other  evidence  when  studying  the  contam- 
ination problems  in  the  area.  The  graphical  representation  used  here 
constitutes  a  hi^ly  simplified  geochemical  analysis. 

Geochendcal  Analyses 

A  geochemical  analysis  as  applied  to  ground  waters  is  any  method 
of  comparing  or  studying  the  chemical  constituents  of  vrater  to  deter- 
mine its  origin,  or  thie  oriiiin  and  proportion  of  the  various  component 
waters  of  v/hich  the  3<anple  is  a  mxture.  The  possibilities  for  using 
these  methods  for  grotind  water  studies  in  this  area  to  determine  the 
source  of  contar^iinating  waters  and  to  deterrine  the  interconnection 
of  aquifers  both  horis'iontally  and  vertically  are  very  good.  The  methods 
have  the  disadvantage  that  a  large  amoimt  of  work  is  involved  in  making 
the  chemical  analyses  and  in  reducing  and  plotting  the  data  so  that  they 
may  be  studied.   The  photometric  cell  principle-,  aids  somewhat  in  this 
application  by  using  the  recently  developed  cliloride  testing  equipment, 
proven  practicable  and  satisfactory  in  rany  areas.  On  the  other  hand, 
the  use  of  geochemical  graphs  for  interpretations  is  a  great  improvement 
over  the  common  procedure  of  attempting  to  conceive  the  significance  of 
a  series  of  chemical  tes-fe merely  by  looking  at  the  results. 

In  the  present  studies  the  possibilities  for  geochemical  analyses 
coulci  not  be  fully  exploi^;d  because  of  tiie  lack  of  time  and  basic  data. 
Only  one  chemical  analysis  that  gave  all  the  information  needed  for  geo- 
chemcal  studies  was  found  during  the  course  of  the  work.  Nevertheless 
the  principles  of  geochemical  ai:ialysis  are  discussed  in  detail  in  Appen» 
dix  VIII  because  of  their  value  and  because  by  adding  a  relatively  few 
additional  chemical  tests  to.  those  commonly  used  by  ti'ie  industries  in 
iaaking  v.-ater  analyses;,  the  results  can  be  used  for  geochemical  studies. 
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In  raanj  of  the  existing  water  analyses  it  would  not  have 
required  much  additional  work  to  run  the  full  set  of  tests  needed 
to  make  the  results  usable  for  geochemical  interpretations.  Although 
hundreds  of .ground  water  samples  f ram  the  area  have  been  analyzed 
only  a  f evif  sets  of  data  arc  complete..  The  very  promising  possibil- 
ities of  applying  geochemical  methods  in  the  study  of  ground  water 
problems  in  the  BaltLiiore'  Industrial- Area  must  wait  on  the  time 
when  complete  chemical  analyses  are  obtained. 

All  the.  foregoing  discussion  of  chloride  problems  has  dealt 
only  V'fith  the  discovery  of  the  source,  the  manner  and  the  aitiount 
of  chloride  contamination  of  fresh  water  aquifers.  The  methods 
available  for  preventing  or  correcting  these  difficulties  are  taken 
up  in  the  next  section  of  this  paper. 
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.  SECTION  V. 

THE  USE  OF  CEMENT  IN  IJELL  CONSTRUCTION 
REPAIR  AND  SEALING  . 

The  proper  use  of  cement  grout  in  the  construction  of  new 
wells  and  for  the  repair  and  sealing,  of;  old  or  abandoned  wells 
is  perhaps  th?-  greatest  single  thing  that  can  be  done  to  correct 
the  ground  water  difficulties  occurring  in  the  Baltimore  Industrial 
Area.  Cement  grouting  of  new  virells  to  prevent  vertic9.1  leakage 
either  upward  or  downward  between  formations  in  deep  oil  wells  has 
become  a  highly  developed  art.  Unfortunately,  the  methods  success- 
fully used  by  the  young  and  energetic  oil  industry  are  only  now 
being  adopted  hy  water  well  drillers .-">■  In  recent  years  some  State 
Boards  of  Health  liave  taken  steps  to  encourage  the  use  of  cement 
grouting  to  prevent  leakage  of  shallow  contaminated  ground  waters 
into  the  pure  sources  below.  The  State  of  1/Visconsin  has  led  all 
others  in  this  field  and  has  established  in  the  Bureau  of  Sanitary 
Engineering  a  Division  of  Well  Drilling.  Mr.  Louis  T.  Ytatry,  Well 
Drilling  Supervisor  of  this  Bureau  has  published  numerous  articles 
on  the  use  of  cement  grout. 

In  the  oil  industry  the  Halliburton  Oil  Well  Cementing 
Company,  Duncan,  Oklahoma,  is  one  of  the  leading  concerns  in 
business  of  cement  grouting  new  and  old  oil  wells.-^"-  Their  claims 
for  the  advantages  of  cementing  are:  18/ 

"A  properly  cement.ed  well.-  -  -  - 

1.  Provides  a  permanent  casing  shut-off  regardless  of 
formation.  ,   . 

2.  Protects  the  producing  formation  from  upper  waters. 


^'   As  examples  of  techniques  used  in  oil  well  investigations  that  have 
not  been  adopted  by  water  well  drillers  so  far  as  is  known,  modern 
methods  for  electrical  logging  and  side  wall  sampling  are  illustrated 
here.  Figures  9,  10  and  11.  Both  these  techniques  could  be  used  to 
advantage  in  water  well  investigations..  However,  since  their  use 
does  not  pertain  to  the  problem  in  hand,  no  details  are  presented. 
Nu;nerous  other  devices  used  by  the  oil  industry  are  illustrated  in 
the  subsequent  pages.  .     ■   .      • 

^If/  Equipment  used  by  the  Hnlliburton  Oil  ViTell  Cementing  Company,  The 
Lane  Wells  Company,  The  Schlumberger  Company  and  others  that 
operate  in  the  oil  fields  is  illustrated  in  this  section, 

18/  Catalogue  No.  10,  The  Halliburton  Oil  Well  Cementing  Company, 
January  1939. 
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3.  Protects  the  casing,  where  cemented,  against  collapse 
from  external  pressures. 

^,  Prevents  corrosion,  the  cement -keeping  highly  mineralized 
fluids  away,  from  the  casing. 

5.  Prevent  is  shifting  formations,  the  cement  forming  a  tight 
seal  between  the  hole  and  the  casing.,  ,.  ,  ,  , 


'  ■    6,'  Prevents  migration' of  fluids  from  one  formation  to 

another."  .".'., 

'  '' '  The  Wisconsin  Division  of  Well  Drilling  concludes  that:  19/ 

"Properly  constructed  and  maintained,  the  drilled  and  . 
cased  type  of  wells  should  be  permanently  free  of  pollution. 
Failure  to  seal  the  annular  space  is  largely  responsible  for 
the  disproportionate  number  of  wells  of  this  type  found  . 
-  polluted  despite, proper  precautions  applied  at  the  upper 
terminal  and  sufficient  depth  of  the  lower. end  of  the  casing 
pipe" . 

The  objective  in  cement  grouting  of  all  new  wells  should  be  to 
obtain  a;  continuous  dense  shell  of  cement  surrounding  -the.  entire  well 
casing  ajid  blending  intimately  with  the  earth  or  rock  wall  of  the  hole. 
The  thickness  of  such  shell's  should  be  at  least  one  inch  and  prefer- 
ably twro  or  more  inches.  Although  a  great  many  ingenuous  ways  have 
been  devised  for  placing  the  grout  to  form  this  shell,  all  the  possi- 
bilities have  not  been  exhrusted.  .   . 

The  use  of  cement  grout  to  repair  old  wells  that  are  leaking 
badly  is  more  difficult,  for  even  vdth  the  most  tjhorough  testing 
it  may  be  impossible  to  determine!  the  location  and  size  of  all  cavi- 
ties to  be  filled  virith  grout.  In  repairing  old  wells  there  are  apt 
to  be  a  good  many  failures  and  failure  on  the  first  attempt  will 
generally  mean  abandonment  and  complete  sealing  of  the  well.  When 
using  cement  grout  to  repair  a  leaky  well  a  great  deal  of  careful 
thought  must  go  into  making  tests,  analyzing  the  situation  and 
planning  the  work. 

The  complete  sealing  and  plugging  of  abandoned  wells  pre- 
sents no  great  difficulties.  Nevertheless,  some  of  the  past  attempts 
have  failed  because  it  has  been  assumed  that  filling  the  old  casing 
with  cement  constitutes  sealing  of  the  vvell. 


19/   "Methods  of  Cement  Grouting  for  Sanitary  Protection  of  Wells" 
Wisconsin  State  Board  of  Health,  July,  1939. 
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Fig.  9  Diagram  Showing  the  Lane-Wells  Company's  Method  of  Obtaining  a 
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Fundamentals  of  Grouting 

••  Certain  fundamental  principles  in  the  use  of  cement  grout  for 
sealing  wells  have  been  developed  by  the  men  v;ho  have  had' cQnsider- 
able  success  in  .the.  field.  From  their  experience  may'  be  formulated 
the  follovdng ' rules  which  should  be  applied  in  every  case  where 
grouting  is  iattempted. 

.  ..  .   1,  Know  v^rhere. the  grout  is  going  and  hov;  it  is  to  be  kept 

thel-e  until  it  sets.  ■.  *    ■  '"  ", 

.'./.    2.  Properly  prepare  the  grout  mixture. 

3.  Pl?ce  the  grout. in  one  continuous  operation. 

U'     Alvrays  place  the  grout  from  the  bottom  and  fill 'the 
space  upward. 

5.  Conversely  never  pour  cement  down  into  the  space  to  be 
filled.         '  

The  first  of  these  principles  amounts  to  no  more  than  knowing 
what  is  actually  happening  during  the  grouting  operation.  Satis- 
factory techhiquesf  or  grouting  vifells  have  been  designed  to  provide 
this  knowledge. 

The  grout  should  be  prepared  using  Standard  Portland  Cement 
that  meets  American  Society  of  Testing  Materials  specifications. 
A  mixture  of  ^  l/2  to  5  gallons  of  water  per  9A  pound  bag  of  cement 
should  be  used.  Authorities  differ  as  to  the  permissible  upper  limit 
of  water  cement  ratio.  >,atry  19/  states  that  5-5  gallons  per  bag  of 
cement  is  the  maxifiiun  permissible  vrfiile  Hough  20/  gives  7.5  gallons 
per  bag  as  the  upper  limit. 

A  number  of  admixtures  and  additives  are  used  to  improve  pump- 
ability  and  cohesiveness  of  cement  grout  or  to  reduce  loss  into  per- 
meable formations.  These  are:  21/ 

19/  "Methods  of  Cement  Grouting  for  Sanitary  Protection  of  Vi'ells" 
The  IVisconsin  State  Board  of  Health,  Madison,  Yjisconsin, 
July,  1938. 

20/   J.  F.  Hough,  C.  E.   "Cementing  Water  Wells",  Typewritten 
Manuscript,  Undated. 

21/   "Substitute  Casing  Materials  for  liar  Emergency  Well  Construction" 
The  Viisconsin  State  Board  of  Health,  Second  Edition  Revised, 
June,  19-^3.  p.  lA 
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HydrfA.ed  Liae.  The  addition  of  three  to  five  per  cent  by  v>feight  of 
hydrated  lime  is  clairae'd  -to  improve  •  puiapability  without  detrimental 
.effect  on  hardening..         ■•...,.,       ,,..,.,.■,.,.,,,'. 

" AqUagei .'  A  ,  gel~f  oming  clay' used  in  oil  well  construction.  A'dfieid 
to  Portland  cement  it  -  "reduces  shrinkage ',  iiiiprovefe  pUmpability  tind 
reduces  both  the  loss  of  grout  and  the  araount  bf  cement .  required' 
to  produce  a  given  column  of  grout.  It  is  a  product  of  the  National 
Lead  Company, .  Baroid  Sales  .Division,  Tulsa,  Oklahoma..  , 

Puzzolith.  A  cement  dispersing  ageht .  If  increases'  pumpability, 
reduces  shrinl-cage,  prevents  cij-umping' or  .segregation  and  increases 
the  strength  of  the  hardened  grout . '  It  is  ^  a  product  of  the  Master 
Builders  Company,..  7.016,  Eucli.:;!  Avenue,  Cleveland,  .Ohio.  . 

Jellflake:.  Mica  flakes  used  in  oil  well  construction  tp  reduce  loss 
of  drilling  mud  or  the  loss  of  grout  in  permeable  forhlatibns.  A 
product  of  Dowell  Incorporated,  Kennedy  Building,  Tulsa,  Oklahoma. 

Cellulose  Flaltes.  ■Cellophane  flakes  us&'d'-to  reduce' Tqss  "of  grout  or 
mud  into  permeable  formations.  A  product  of  the'  DU  Pont  Company. 

:'  .'.  The  grout  should,  tje  prepared  so  that  a'supply  of '  fTfesh  material 
.is"  constantly  on  hand  and.  the  grout  should  'bti  placed 'as  sb'bh  as'' 
possible  after  mixing  to  avoid  premature  setting.  The ' mixing  mu;$t 
proceed  at  about  the  rate  of  placing.  For  small  jobs'  the  grout  may 
be  mixed  by  hand  in  steel  barrels,  Four  sacks  of  pement  are  sifted 
into  20  gallons  of  vgator  while  'stirring  vigorously  with  a  suitable 
paddle.  The  rate  of  ..grouting  determines  the  nur;ibei'  of  iiixing.  barrels 
needed,    .   '  .  .■,.■.; ...  ....     '     '.  ■ 

■'Any  smfi.ll  .concrete  liiixer  may- be  used 'and' can  be  adapted  to' 
'grout  mirting  by  closing  the  clearan'ces  back  of  the  mixer  blades  'and 
fixj.ng  splash  plates  at  the  discharge  thtite,  '  Special  piovjer  driven 
grout  mixers  are  available.  One   of  the  most  satisfactory  mixers  is 
'the  jet  type  shovm  in  figure  12.  The'  jdtg  are  adjusted' on  the  basis 
of  trial  to  give  the  best  results  and  cement,  is  fed  into  the  hopper 
at  a  uniform  rate  to  give  a  water-  cement  ratio  of  about  5  gallons 
per  bag  of  cement-.  The  cement  grout  in  the  -storage  vat  should  be 
agitated  continuously,  to  prevent  settling  of  the  cement  partic.les. 

A  double  acting  flexible  reciprocating  pump  is  the  most  satis- 
fadtory  type  for.  placing  the  grput  although  any  slovi'  speed  diaphram 
or  piston  water  pump  of  adequate  capacity  and  .working  pressure  range 
can  be  used.  Iviost  well  drilling  equipment  and  concrete  handing 
concerns  furnish  grout  pumps.  In  no  case  should  gra.vity  feed.be 
depended  on  in  placing  grout. 
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AIR    SUPPLY 
OR   VENT  LINE 


AIR    CHAMBER 
PREVENTS    CLOGGING 
■OF   GAGE  CONNECTION 
GROUT   OR    MUD    SUPPLY 
UNDER    PRESSURE 


VALVE 


Fig.  13  Showing  the  set-up  for 
A  Capped  Casing  Method 
of  Grouting  that  would 
be  difficult  to  control, 
Drawing  from  "Grouting 
Under  Water",  by  Louis 
T.  Watry,  The  Driller, 
Vol.  11,  No.  1,  p.  9. 
January  1937. 
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Since  cenent  grout  is  much  heavier  than  both  v;ater  and  drill- 
in.^  mud  it  must  be  placed  at  thy  bottom  of  the  space  to  be  filled 
so  these  fluids  and  .iiny  loose  materials  such  as  results  from  cavings 
are  floated  or  carried  upv»-ard  ahead  of  the  grout.  AlloKing  grout 
to  be  dispersed  by  attempting  to  settle  it-  into  place  through  v;ater 
is  aL/iost  certain  to  jroduce  poor  results,  if  not  actual  loss  of 
most  of  the  grout. 

In  t'hc  following  discussions  and  coitiiputations  of  hydraulic 
situations  encountered  in  conn^^ction  vdth-  the  grouting  of  new  and 
old  wells  the  weights  and  pressures  ^-^ven  in  Table  XV  will  be  used. 

Grouting  New  V/ells 

The  Various  methods  that  have  been  used  for  grouting  ivells 
during  original  construction  are  described  in  the  order  of  com- 
plexibility  of  set-up  required.  Appropriate  descriptive  titles 
based  on  the  distinguishing^ features  have  been  given  each. method. 
These  are:  (1)  Simple  outside  casing  grouting;  (2)  plug  and  foot 
value  methods:  (3)  the  mud  plug  method;  (^)  capped  casing  methods; 
(5)  the  grout  piston  or  Halliburton  Oil  Vjell  Cementing  Company  method, 
and  (6)  the. packer  pipe  method.  It  is  nssumed  in  all  these  methods 
that  the  hole 'is  stopped  in  an  impervious  formation  and  the  casing 
cemented  in  place  before  drilling  into  the  aquifer.  The  Halliburton 
Oil  Well  Cementing  C.orapany,  Duncan,  Oklahoma,  lias  developed- many 
special  devices  and  methods  for  cementing  v/ells,  among  which  is  a 
method  they  ca]J.  "Full  Hole  Cementingi"  by  which  rotary  drilled  wells 
can  be  carried  to  the  full  depth  with  a  screen  mounted  on  the  casing 
before  the  cementing  operation  is  started. 
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TABLE. XV 


WEIGHTS  ANP  PRESSURES  OF  VvELL  FLUIDS-. 


Feet  Head        .  Ib/sq.  in 
V'/eight  to  exert  per 

Ib/cu,   ft.  ..     1  Ib/sq.   in  Fo"ot  Head 


Fresn 
Water 


hl.h. 


2.31 


O.A33 


Drilling  wlud 
yi%  Clay  by 
Vv'eight 


80 


1.80 


0.555  ' 


Grout  5  Gallpns 
Water  per  bag 
of  Ceaient 


123 


1.17 


0.857 


■Fine  Viiater 
Saturated 
Sand  IS^% 
Porosity 


12/V- 


1.16 


0.86 
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Sii'Aple  Outside  Casing  Method. 

Perhaps  the  simplest  method  used  for  cementing  a  casing  in 
place  is  that  of  purapingthe  nscGssa'ry  quantity  of  grout  into  the 
hole  cind  then  inserting  the  casing  with  a  plug  in  the  lower  .end  to 
force  the  grout  t)  rise  in  the  annular  space  ds  the  casing  descends. 
This  method  is  not  recommended  by  Hough  20/  probably  because  the 
casing  must  be  strung  and  sent  down  the  well-before  the  grout  has  had 
tirae- to  take.its  initipl  set.  In  relatlveljr  ■shallbwwells  this  should 
not  be  difficult  for  ^^rout  vdll  remain  fluid  for  at  least  two  or  three 
hours  after  mixin.j.  Caving  of  the  formc'itions  as  the  casin,^^'  is  run  in 
would  also  cause  difficulty  ¥;ith  this  method; 

The  follovifing  calculations  should  be  made- to- .determine  the 
v/eitght  necessary  to.  force  the  casing  dovm. 

Assurae  10"  st<'  ndard  casing  is  to  be  cemented  into  a  1^"   hole 
100  f.cet  deep...  The  quantity  of  grout-Used  should  be.  about  25-  per 
cent,  in  excess  of  the  amount -neiccssary' to  fill  the  .annular,.,  space 
In  order  to  rllow  for  flushing' and' for  taking  of  'grout'. by  fractures 
or.  q oar se  formations.  -  The  quahtity'-- of  grout'  needed  is;  , 

'"    'V.  1^-5^    X  '  lOO'x  1.25  •  ::  '  '  65.5  '    cu,  ft^  \' 

uu       ■■  ■■■-'.'■ :;.  ..  \  -  ■' 

or  ;!t 90  gallons  ■  '   .'         .  .  ; 

This  amount  should  be  puraped  through  a  2"  grout  .pipe  into  the 
bottom,  of-  the  v>fell  as  rapidly  as  possible  and  the  casing  inserted 
immediately.   -        ;:■■'•  ..■  •  - 

Standard  10"  casing  weighs  32.75  pounds  per  foot  length  includ- 
ing couplings.  and-..is  10.192- indhes  ID-  and' 10.75  inches  O.D.'  ,T-he 
bouyant  force  on  the  casing  when'  surrouhd-^d  by  grout  is'.: the,  weight 
of  the  .grout  displa:ced  or       •   ;    "  ,. '       ; 

;    2         ■■    .  '■  :       ■     '  :  '    ■■  ■  ^        .       ;    • 


T(     10.75  X    123x100    ■'   -■='       ■7,770.  lbs.    ■     -.  , 

■     4  X,  lu  •  •      '        ,    •     '^  ,■-■■-      '. 

The  weight  of  the  casing  is     •   •  ,  ' 

32.75x100  =  3,275  lbs.      -     ■    - 

Therefore,  thfc.i^e  must  be  exerted'ar-iinij-aum' additional  vertical 
force  on,,  the  casinr  of    .■  -'      -  • 


0/     J.   F.  Hough,  -0.,E.         "Cementing  Iffeter  iVells" J   typewritten  manu- 
script,/ Undated.  '  "     . 
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7700  =  3270   =  4500. pounds. 
Filling  the  casing. with  water  will  add 


;:7X    10.2  X  ,62,U    X   rlOQ-        =  35^0;  pounds  weight 

.,,;.,."  .    ■.  4:-.x  lU.  :      '                                               ■■■■    •     ^.  ■■      ^■•■•■-'' 

or  with  drilling  mud  ;;.;,■ 

'■■  '"■■'■■■  '      .■      ■      2  '■    ':         .     ■      -.;•/■ :.     .    ^    ,-.   -         .       -i:.^  '^ 


\\      10.2  .   X  .80  .X   100..  ■=-i500- pounds  weight 
4  X  lU 

Therefore,  in  this  instance  the  weight  of  the  casing  filled 
with  drilling  mud  WDuld  just  about  balance  the  bouyant  effect  of 
the-  grout.  .Considerable-  additional  dowravard, force  ivould  be  needed 
-to  ov-ercome  the  ;viscus  and  .wall  friction '.effect  before  the  casing 
reached  the  bottom  of  the  hole.  The  driller  should,'  therefore, 
be  prepared- to  apply  this  additional  vertical  force  by  use  of.' 
jacks,  wei.ijhts  :or  tackle.  Onq'e  in  place  the  casing  should  stay 
dox'm.  After  the  grout  has  been  given  tine  to  set  the  plug  can 
be  drilled  put  and  the  hole -continued.         '''....:■...,.....,.■■..■ 

The  uncertainty  of  being  able  to  force  the  casing  to  the 
bottom  and  the  need  for  speed  in  setting  the  casing  militate 
against  the- use  of  this  .method. 

A  second  simple  method.  Figure  l/^  a,  also  not  .recommended^ 
by  Hough,  is  to  set  the  casing  centered  in  the  well  and  driven 
.  .  f  irKily  into  the  bot.to.m.  A  grout  pipe  which  under  no  circumstances 

should  be  less  .thcan  1  inch  diameter  is,  inserted  to  the  bottom' of 
:  the  annular , space  between  the  casing  and  the  wall  of  the  hole  and 
the  grout  is  pur.ped  in  until  it  flows  free  and  clean  at  the  surface. 
In  order  to  prevent  a  break  through  into  the  casing  at  the  lower  end 
it  would  be  advisable  to  fill  the  casing  with  drillers  nud  or  water 
and  cap, it  at  the  upper,  end. 

Plug  and  Foot  V.qlve  Method. 

This  method  is  shoi/m  schematically  in  Figure  l/^  b.  Into  the 
plug  at  the  lowrer  end  of  the  casing  is  fitted  a  short  section  of 
grout  pipe  equipped  with  a  foot  valve  on  the  lov/er  end  and  a  left 
hand  thread  at  the  upper.  The  casing  and  the  rest  of  the  grout 
pipe  are  strung  into  the  hole  and  suspended  with  the  plug  a  -short 
distance  above  the  bottom.  Spacers  welded  to  the  casing  as.sis.t 
in  centering  the  pipe  in  the  hole.  Water  or  'drillers  mud  should 
be  :circulat.ed  dovm  the  grout  pipe  and  up  .the  annular  space  to... 
assure  freedom  from  stoppages.  The  grout  is  then  pumped  in  until 
it  flows  clean  at  the  surface.  Calculati  ms  -of  the  type  mentioned 
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Fig.  14  Two  Arrangements  for  Grouting  New  Wells. 
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above  show  that  the  casing  has  to  be  filled  with  mud  to  pre\'-ent 
its  rising  during  the  grouting.  As  soon  as  grouting  is  complete 
the  casing  is  forced  to  the  bottom  and  the  grout  pipe  unscrewed, 
the  left  hand  thread  assuring  it  will  break  at  the  plug.  The 
grout  pipe  is  then  raised  a  short  distance  and  the  pipfe  and  casing 
thorougirily  flushed  with  ivater  or  mud...  Three  to  seven  days  are 
allowed  for  the  cement,  to.-  set  after  which  the' plug,  the  piece  of 
■grout  pipe  and  the  check  valve  are  drilled  out  and  the 'well  con- 
tinued on  dovvn. 

The  Mud  Plug  Method.  ■.■■.■■        '  '.  . 

The  Stevens  Southern  Company'-,  Jacksonville,  Florida,  uses 
a  system  of"  cementing  that  is  here  called  the  mud  plug  method.  22/ 
For  a  12  inch  ^Aiell  the  rotary  rig  is  used  to  bore  a  I?  to  19  inch 
hole  to  cap  rock.  The  12  inch  casing;'  is  then  sunk  to  a  point  just 
off  bottom  and  the  drill  stem,  equipped  at  the- lov/er  end  vdth  a  loose 
plug,  is  rui'i  dovm  to  the  bottom  of  the  casing.  The  casing  is  filled 
with  mud  and  the  grout  is  then  pumped  in  until  the  annular  space  is 
filled.  If  the  mud  tends  to  rise  in  the  casing  which  it  vrauld  do  if 
the  entire  length  of  the  casing  is  to  be  .grouted,  a  cap  Is  vjelded  on 
the  casing 't6  hold  the  mud  dovm.-  l/vhen  the  cementing  is  finished  the 
casing  is  driven  ddvm  into  the  cap  rock  to  embed  the  shoe  in  both 
rock  and  cement,  and  the  drill  stem  is •  removed.  Cable  tools  are  used 
to  drill  out  the  cement  in  the;  bat  topi:  of  the  hole  and  continue  the 
well  into  rock. 

The  Capped  Casing  Methods.  , 

Tiito  methods  depending  on  th©  handling  of  air,  water  and 
grout  through  a  capped  casing  have 'been  used.'  The  first  v^ich  is 
describee!  by  Vfetry  23/  seems  to.  have  several  disadvantages  that  are 
avoided  in  the  procedure  described  by  Hough.  20/ 

Figure  I3,  "page  89,  shov/s  the  set-up  for  the  first  method. 


^  L.  H.  Houck,  "Millions  of  Gallons" .  ■•  The  Driller,  Vol.  15, 
No,  12,  p.  U,   December  19-^1.     ' 

23/  Louis  T.  V^Tatry,  "Grouting  Under  Vilater" .  The  Driller,  Vol.  11, 
'No,  1,  p.  8,  January  1937. 


J.  F.  Kough,  C.E.   "Cementing  Vfeter  Vsells",  typev/ritten 
manuscript,  undated.  .  .'  ■  .  ■■  ■  •   ■ 
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An  air  and  a  grout  or  cud  line  are  attached  to  the  capped  casing 
and  a  gage  is  used  to  determine  the  location  of  the  water,  grout, 
and  driller's  mud  in  the  vjell.  Air  is  first  blown  into  the  casing 
until  it  is  free  of  wa.ter.  The  air  line  is  then  closed  and  grout 
is  pumped  into  the  empty  casing  and  falls  to  the  bottom  partially 
filling  the  casing  and  rising  outside  in  the  annular  space.  After 
the  desired  amount  of  grout  has  bten  punaped  into  the  vrell,  mud-  is 
pumped  until  the  casing  is  filled.  As  mud  is  pumped  in,  air  is 
vented  from  the  casing  to  hold  the  grout  at  the  desired  level. 

As  the  grout  column  rises  in  the  annular  space  the  air 
inside  the  casing  will  be  compressed  permitting  the  grout  to  par- 
tially fill  the  casing.  Computations  shor-m  in  Appendix  IX,  page  221, 
indicate  that  the  grout  would  rise  32  feet  inside  a  100  foot  casing. 
In  order  to  prevent  this  the  air  pressure  would  have  to  be  raised 
gradually  as  the  grout  is  pumped.  This  operation  v;ould  -be  very 
difficult  to  control.  Final. replacing  of  the  air  with  mud  or  water 
vj-ithout  disturbing  the  grout  would  be  even  more  difficult,  .About 
the  only  practical  means  of  accomplishing -the  latter  operation  suc- 
cessfully would  be  to  observe  the  grout  level  in  the  aniiular  space 
and  to  vent  the  air  at  a  rate  sufficient  to  keep  the  grout'  from 
rising  as  the  mud  is  pumped  inside  the  casing.  This  method  of 
grouting  is  therefore  not  recommended. 

A  much  more  practical  scheme  has  been  worked  out  by 
Hough.  20/  Figure  15  shows  the  v:ell  set  up.  A  2-inGh  diameter 
grout  tube  is  run  inside  the  casing  to  a  point  above  the  bottom 
of  the  casing  which  in  turn  is  suspended  off  the  bottom  of  the 
hole.  The  grout  .tube  comes  out  through  a  pressure  tight  swedge 
nipple  that  closes  the  upper  end  of  the  casing,  VJater  or  mud 
and  grout  lines  are  connected  to  the  grout  tube  and  a  vent  line 
is  tapped  into  the  svtfedge  nipple.  Vfeter  is  first  pumped  dovm 
the  tube  and  out  through  the  annular  opening  to  flush  extraneous 
material  from  the  space  to  be  grouted.  Water  should  be  allowed  to 
fill-  the  casing  during  this  operation.  V«ith  the  vent  line  closed 
grout  is  then  pumped  down  the  tube  until  it  flows  freely  at  the 
surface.  The  casing  is  then  forced  to  the  bottom  of  the  well. 
The  casing  vent  line  is  opened  and  the  grout  in  the  tubing  and 
inside  the  casing  is  flushed  out  mth  water.  All'  valves  should 
then  be  left  tight  until  the  cement  has  set  in  order  to  prevent 
a  break  through  at  the  lower  end  of  the  casing. 

Advantages  of  this  method  are  its  simplicity,  the  com- 
plete control  of  operations  at  all  times,  and  the  fact  that  no  p5-Ugs 


20/  J.  F.  Hough,  C.E.  "Cementing  Water  Wells",  typewritten  manu- 
script, undated. 
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or  other  obstructions  need  to  be  drilled;  out  after  the  grouting 

.  job  is  finished.  .   -    .  ,         •         ,  ■   ,   ^ 

Grout  Piston  or  Halliburton  Oil  ^;<'ell  Cementing  Company  M&thod-. 

■.  .  The  Halliburton,  Oil  '.veil  Cementing  Company  has  developed 
highly  successful  grouting  te'chniquos  designed  primaril.y  for.rseal- 
ing  -oil .wells  v/here  the  techniques  used  far  v/atgr  ivells  vrauld  require 
either  too  much  time  or  too  mucli  pressure  for  successful  application. 
Wells  caji  be  grouted  by  the-  Halliburton  raethod  either  in,  single  or 
.multiple  stages.  The  arrangement  for  two   stage  grouting  is  shovp-.  in 
Figure  16.  ,  .Vii'ith  the  casing  and  annula-r  space-,  full  of  drilling  mud 
a  capped  section  of  pipe  conioaining  the  four  grouti.ng  plugs;  is  at- 
.tached..  There,  are  mud  and  grout  connections  to  this  section  -above 
..each  of-  the  four  plugs^  and  a  log  cable--. leading,  in  through,  the-  cap. 
•The  amount'  of  grout  required  to  fill  the  annular  spa-ce  of.  the  first 

..  stage  is- -carefully  measured  in  beUveen  plugs.  1  and  2.  -.A  sufficient 
quantity  of  inxxd   is  then  puEipod  in  bet^veen  ;:>lugs.  2  and  3'  to.  almost 
completely  fill  the  lovrer  stage,  casing,  thus  forcing  dovm  the  plugs 

.  i  and  2  and- the  piston  of  grout  between  them.- .  Grout  for  the  upper 
stage  is  next  pumped  in  between  plugs  3  and  4  and  f iaally ' -more  mud 
to  force  dawn  plug  nuraber  Jl^.     In  moving  down,  the  first  and  second 
plugs  clear,  the  taptred  restriction  on  the  .sleeve  vrlve  for  the  upper 
ptage  and.  V'.'hen  plug  1  seats  on  thei, float,  valve  ,;«/.■, the  grout  -is  squeezed 
past  it  and  through  the  guide  shoe  into;  the"  a.nnular,.  space.  The  third 
plug  should  sea.t  on  the  sleeve  valve  at  the  .lower  end,  of .  .the  upper 

-  stage  and  push  it  open  Vvhen  the  second  plug'  is  a  few-. -feet  above  the 
f irs-t.  -  A13.  plugs,  the  float  valve,  the  ,g;iide  shoe  and: any- grout  inside 
the  casing  are  drilled  out  after  the  cement  has  set,.  ■.- 

•  Barring  accidents  the  only  difficulty  that,' might  be  antici- 
pa-te4  using -the- Halliburton  metj-iod-is  thqit,  the  excess  weight  of  the 
grout  tiraveling  down  inside  the  casing  might  create  a  vacuur.'\  suffi- 
cient to  break  the  liquid  coluian  at  the  casing  head.  Ability  .to  sup- 
.ply  grout  very  rapidly  should  overcome  the  d.iffic.ulty..:  Moreover, 
.  .vjhen   the  grout  begins  to  enter  the  annular  space,  the  pump  pressure 
may  rise  suddenly  so  that  eqioipment  able  to  v/ithstand  rapid  pressure 
increases  must  be  used.  ,,   '  .  ■ 

Packer  Pipe  Method.  .■''■■' 

.  The  .packer  pipe  method  has  been  devel-:)ped  to  grout  short 
liner  pipes  in  the  lower  portion  of  a  well.  .Figures  17,  18,  19  and 


-^     Float  valves 'are  used  in  lowering  long  strings  of  casing  in  to 
deep  oil  wells  to  take  the  st,rain  off  the  casing.  A  string  of 
CG-sing  5000  to  10,000  feet  in.  lengt.h  .is  a  tremendo.us,  vteight  to 
suspend  from  its  upper  end.  The  float  valve, utilized  the. natural 
bouyahcy  of  the  casing  so  that  it  m.ay  be  floated  dovm. 
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and  20  show  the  set-up  and  details  of  the  check  valve  and  packer 
arrangements.  The  lower  end  of  the  liner  pipe  is-f Itted  with  a 
drillable  plug  and  check  v?lve  to  which  the  grout  pipe  is' attached 
by  a  right  and  left  coupling.  Grout  escape  holes  are  drilled  in 
the  top  of '  the  liner  -  as-  indiaat«.d.  .in , ,Fi.-gur e  .18 ..  .  Mm.  ■  the '.  Is, st 
joint  of  liner  is  strung,  the  packer  assembly  shown  in  i'lgure  19 
is  set  on  top  the  liner  and- packer  pipe  is -strung.  -The  vrfiole  ?;eight 
of  grout  pipe,  liner^  packer,  and  packer 'pipe  must -bfe-  'carrie'd' by  the 
grout  pipe  during  the  stringing.  Mieri  the  liner  haS  sea-ted  o-h  the 
bottom  of  the  well  the 'packer  pipe  is  forced  dowh  and  the  soft  rubber 
gland  closes  the  space  between  the  packer  pipe  and  th^  upper  string 
6f  casing.  Vfeter  is  first  circulated  dbvm  the- grout  pipe j-'- up  the 
annular  space  to  the  top  of  the-liner-'and  out  through  the  packer  pipe 
in  order  to  clear  the  space  to  be  ijrbuted.  Grout  is  then -pUiapcd 
lintilit  flovjs  freely  at  the' surface.-  The  grout  pipe  is' broken  at 
the '  right-left  coupling  near  the  bottom  of-  t:.e' virell,  is  raised 
slightly  and  the  liner  arfd  packer  pipe- flushed- with  clean  ivater.  The 
grout  is  allovved  time  to  take  its  initiM  set,  Usually  f.ive  or  six 
hours  and'  the  grout  line-  and  packer  pipe  are'  theh- removed.  •  The  liner 
-vdll  alj'.iost  certainly  float  if  the  pr'cker  pipe  is' removed  before  the 
■grout  sets.      .  ,  -     .     '     ^  :.   •  .    .■■' 

' -Computations  of  the  jnaximiam  bouy-ant  forces  vihich  exist  dur- 
ing the  grouting  and  flushing  operatibn  is  shown  -in  Appendix' IX, 
page  B 21  ,  for  a  typical  situation.  In  the  exaiaple  used  the  net 
bouyant  force  is  upv/ard  showing  that' the  packer'  pipe  must  be  anchored 
dov-m  securely  or  liner  vdll  n-ot  stay  in  place.  Computations^  also  show 
that  a  liner  pipe  200  feet  or  more  in  length  is  too  heavy  to  be  lowered 
oh  the  grout  line.       '  •.  '",■■■       .■■-.■ 

Figure  22  shovis  a  packer  arrangement  that  can  be  used  when 
it  is  considered  desirable  to- use  the-^'prcker  pipe  to  lower  the  liner 
and  grout  pipe  into  the  well.  The  paikerpipe  is  extended  into  the 
liner  pipe  and  fastened  to  it  by  copper  or  brass'  cap  screws.'  l/Vhen  the 
liner  Is  bottomed  these  screws  are  sheared  of f  by  sharp  blov^S  vdth  the 
tools  on- the  upper  end  of-  the  packer  pipe.  ^ The  weight  of  the  .packer 
pipe  then  compresses  the 'packing  gland  and  the  flushing  and  grouting 
operations  may  proceed.'  '   -   ■  •  .  -  -   •'• 

The  various  methods  of  grouting  described  above  should  give 
the  owner  and  thie  \iell   driller  an  idea  of  the  variety'  of  schemes 
that  may  be  used  to  cement  new  wells.  No  doubt  other  methods  designed 
to  suit  particular  conditions  can  be  v/orked' out . 

In  the  application  of  all  grouting  methods  the  follovdng 
fundamental  rules  -r.nd  precautions  should  be  adhered  to.. ,, 

'  1.  Plan  the  work  carefully  so 'that  evet-y  step  in  the  oper- 
ation can' be  carried  through  without  interruption,  '  Be  sure  that  the 
casing  is  securely'-  anchored  dovm..  Be  prepared  for  all  fbrseeable 
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Fig.  1  shows  the  multiple  stage  device  in  the  string  of  casing 
and  two  stages  of  cement  slurry  going  downward  through 
the  casing.  The  lower  stage  has  passed  through  the  multiple 
stage     cementing    device     without     opening     the     cementing    ports. 


Fig.  2  shows  the  first  stage  of  cement  in  place  behind  the 
lower  part  of  the  casing;  the  No.  3  cementing  plug,  located 
just  ahead  of  the  second  stage  of  cement,  has  reached  the 
device  and  forced  the  sleeve  downward,  uncovering  the 
cementing  ports-  and  allowing  the  cement  slurry  to  pass  out 
into    the    space    behind    the    casing    above    the    device. 


Eig.  16     The  Halliburton  Method  of  Cement 

Grouting  Oil  Wells.  Drawings  taken 
from  Catalogue  No.  13.  Halliburton 
Oil  Well  Cementing  Company,  Duncan, 
Oklahoma.     January  19 A2, 
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Fig.  17  Set-up  for  Packer  Pipe  Method  of  Grouting.  Drawing 
from  ''Methods  of  Cement  Grouting  for  Sanitary  Pro- 
tection of  Wells".  Wisconsin  State  Board  of  Health. 
July  1938. 
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Fig.  18  Detail  Showing  Arrangement  of  Grout  and  Liner  Pipe, 
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Fig.  19  Detail  of  Packer  Assembly  for  Use  in  Connection  with 
a  Short  Liner  Pipe. 
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Fig.  20  Detail  of  Packer  Assembly  for  Setting  a  Heavy  Liner  Pipe. 
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contingencies. 

2.  Use  clean  fresh  vrater  in  a  ratio  of  not  more  than/ 
5  1/2  gallons  per  sack  of  ceraent  to  prepare  the  grout. 

5,  '  ■'Grout  pipes  and  the  spaces  to  be  grouted  should  be. 
large  enough  to  permit  easy  flow   of  the.  grout.  .  One  inch  diameter 
or  width  of  opening- is  the  absolute  minimum  that  should- be  used  and 
two  inches  is  the.  prefefred  mininium. 

, ■  ~  .  ■"  ■  A.  Mix  and  pump  the  grout  continuously  and. always  place  it 
from  the  bottom  forcing  it  to  rise  into  the  space  to  be  grouted. 

.  ;•'   ■  These,  fundamentals  apply  equally  well  to  all  schemes  for 
repairing  old  wells  and  sealing  abandoned  wells..  However,  in  the 
latter  cases  each  new  situation  will' C£i  11  .for  a  ;good  deal  more 
ingenuity  than  is  required  for  grouting  wells  during  construction. 

■.'■■•  Repair  of  Leaking  Wells.  ■     '   -  ■ 

Before  undertaking  the  repair  of  wells  invdiich  leakage  is 
knovm  to  be  the  cause  of  containination,  every  reasonable  test  that 
might  throw  light  on  the  underground  situation  should  be  -made.  Tests 
for  diagnosis  of  the  source  and  cause  of  salt  contandnation  have  been 
discTis^sed'in  Section  IV.  IVhen  plans'  are  being  formulated  for  repair 
operations  additional  testing  is  economically'"  justified.  If  possible 
inforucition  should  be  obtained  as  to  the  hydraulic  conditions  under- 
gro'ond  and  also  concerning  the  location  and  magnitude  of  cavities  to 
be  filled  with  grout.  '  '    , 

If  a  correct  picture  is  obtained  of  the  leaks  in  the  well  and 
of  the  location  of  openings  around  the  well  a  successful  grouting 
program  should  not  be  difficult  to  plan.  One  of  the  basic  principles 
of  repair  vrork  should  be  to  remove  all  the  pumping  equipment  and  as 
much  of  the  casing  as  possible  from  the  well  and  to  carry  out  the 
work  as  nearly  as  is  possible  according  to  the  methods  used  for 
grouting  new  wells. 

Since  cement,  grout  will  not  penetrate  fine  sand,  this  ma.terial 
can  be  used  as  an  effective  plug  to  keep  the  grout  out  of  the  fresh 
water  aqtiifers  ?:t  the  bottom  of  the  well,  liiiith  the  proper  use  of  fine 
sand,  grout  and  the  necessary  tools  and  equipment,  the  repair  of  leaky 
wells  should  present  no  unusual  difficulties. 

Testing  Equipment  .".nd  Tools. 

perhaps  the  most  valuable  piece  of  equipment  that  coxild  be, 
designed  for  preli:ninary  testing  of  wells  is  a  double  packer  plug 
which  can  be  easily  set  and  released  and  that  has  a  pipe  connection 
to  the  space  between  the  packers.  This  can  be  used  in  many  ways  for 
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pumping  in  liquids  and  testing  static  levels.  The  Halliburton  Oil 
Company  has  developed  a  packer  of  this  type  xvhich  it  uses  for  test- 
ing .''nd  for  squeeze  cementing.  The  process  calle'd  squeeze  cementing 
is  simply  the  grouting  off  of  undesirable  formations  above  the  bot- 
tom of  oil  v/ells.  This  is  exactly- the-  objective  so'ught  in  repairing 
leaky  water  wells.  Another  type  of  double  packer  plug  which  is  sug- 
gested as  practical  for  shallow  work  is  illustrated  in  Figure  21. 
The  packers  are  expanded  -by  applying  air  pres'sure  hx.^ier  than  the 
static  pressure  in  the  well  at  the  point  v;here  the 'plug  is -to  be 
set.  The  double  plugs  can  be-.-jaade  up  with  any  .desired  sR?,cing.  A 
device  of  this  type  can  be. used  for  the  following  things:  (1)  to 
pressure  test  the  casing,  (2)  to  accurately  locate  casing  leaks, 
(3)  to  estimate  the:  size  .of  ."leaks,  (A)  to  pump  in  test  fluids  at 
any  point  along  the  casing,  (5)  to  'determine  the  static  pressure  in 
the  various  aquifers  dovm  the  well,  and  (6)  under  certain  conditions 
for  injecting  grout  through  the  casing  at  any  dfesired  point  along 
the  v/ell.  The  principal  disadvantage  of  the  air  expanded  type;  of 
plug  Vlfo^lld  be  the  -danger  of  its  bursting'  or   cutting  if  it  hcappened 
to  bo  expanded  at  a  point,  v/here-'* there  was  a  large 'hole' in  the  casing. 

To  pressure  test  the  casing  the  plugs  are  made  up  at  any 
desired  spacing  and  the  v;ell  is  traversed  applying  fluid  pressure 
to  test  each  section.  Leaks  would  be  shovm  immediately  by  the  lack 
of  sudden  press ui-e  rise  or  by  failure  of  a  section  to  hold  pressure. 

,  The  test  pressure  used  between'  the  packers  should  never  be 
greater  than  the  air  pressure  inside  the  packers,  otherwise. the  air 
expanded  packers  will"  collapse..  This  requires  th^t  'the-  air  pressure 
on  the  packers  be  somewhat  greater  than  the  pressure  at  the  top  of 
the  test  line  plus  the,  pressure  created  by 'the  weight,  of  the  water 
coluji-in  in  the  test  line.  For  example,  if  the"  tester  is  at  500  feet 
and  if  the  gage  at  th,.  top  of  the  line  registers  IQO  lbs  per  square 
inch  and  the  line  is  full  of  v/ator  the  'min.iraum  air  pressure  to  expand 
the  packers  would  be:  j      ,'  ".   '     , 

500  x  0.433  ,  +   100    =  316  lbs  per  sq.  in. 

Once  a  leak  in  the  Casing' is  disciovered  it  can  be, .accurately 
located  by  moving  the  packer  plugs  up  or  down  tlie  vrell  in  small  in- 
crements. 

It  Liay  be  possible  to  obtain  some  idea  of  the  size  of  the  leak 
by  investigating  the  rate  at  Vi;hich  the  leak  will  take  water  under  dif- 
ferent pur.iping  pressures  and  rates.  An  estLnate  may  be  possible  due 
to  the  fact  that  the  test  line  losses  can  be  computed,  that  the  losses 
outside  the  leak  either  are  apt  to  be  slight  or  will  vary  directly 
as  the  velocity,  ivhile  the  leak  itself-  unless-  large  v;ill  probably 
function  as  an  orifice  through  v4"iich  the  heafl  loss  will  vary  as  the 
square  of  the  velocity. ,  In, the  case  of  large  leaks  and  free  escape 
of  water  outside  the  casing  the  increase  in  loss  of  head  would-be. 
approxiroately  that  estii"i.iated  for  the  test  line  only.  .   , 
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Fig.  21  Sketch  of  Suggested  Air  Expanded  Packer  Plug. 
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The  double  packer  plug  may  be  used  to  pump  test  flxiids,  either 
strong  salt  or  dye  solutions,  into  leaks  or  through  especially  nia.de 
perforations  to  determine  leakage  along  the  casing.  Heavy  concentra- 
tions of  salt  could  thus  be  injected  at  selected  points  down  a  v;ell 
suspected  of  leaking  and  the  appearance  of  salt  wfetched  for  in  nearby 
v/ells  which  are  kept  in  operation.  If  the  salt  is  leaking  down  out- 
side the  casing  of  the  well  tested  it  should  appear  in  nearby  pumped 
wells  in  shorter  periods  as  the  injections  are  made  through  lower 
perforations.  On  the  other  hand,  if  the  salt  is  traveling  laterally 
through  a  pervious  bed  and  down  the  ^vell  in  operation,  the  time  for 
appearance  in  the  pumped  well  should  increase  as  the  point  of  injection 
is  moved  away  from  the  transmitting  bed. 

Punap  testing  clean  water  into  perforations  located  at  points 
where  the  groiind  is  known  to  be  impervious  provides  a  simple  method 
for  determining  whether  the  clay  is  tight  around  the  casing  or  whether 
vertical  circulation  can  take  place.  Fui^thermore,  if  the  casing  is 
perforated  above  the  injection  point  any  rapid  variation  in  the  pump- 
ing rate  should  be  reflected  in  oscillations  of  the  vrater  level  inside 
the  casing  if  there  is  vertical  connecticai  outside. 

With  a  pressure  testing  tube  inside  the  packer  test  pipe, 
Figure  22,  the  .static  pressure  in  selected  aquifers  can  be  tested 
through  casing  perforations.  Tnis  information  is  exceedingly  valuable 
in  determining  conditions  under  which  the  leakage  outside,  or  for  that 
matter  inside  the  casing  is  either  up  or  dovm   the  well.  If  free  out- 
side vertical  circulation  is  possible  the  variations  in  static  level 
at  the  various  points  along  the  casing  v^ill  be  slight  and  will  repre- 
sent the  loss  of  head  as  water  moves  either  up  or,  doxvn  the  channel 
from  one  pervious  formation  to  the  other.  ViTiere  circulation  does  exist 
the  amoimt  of  the  variation  in  static  level  is  an  excellent  indication 
of  the  size  of  the  channel,  particularly  if  the  normal  differences 
in  static  levels  are  knovm  from  tests  in  good  wells. 

In  all  the  above  tests  it  vrould  be  wise  to  plan  the  work  very 
carefully  and  use  the  fewest  possible  number  of  perforations  that  will 
give  the  information  needed.  It  may  be  that  perforations  at  two  levels 
will  show  conclusively  that  the  well  is  leaking  outside  the  casing. 
It  ivould  alvrays  be  a  good  policy  to  pump  into  each  perforation  before 
attempting  to  use  it  for  measuring  static  levels  in  order  to  assure 
that  it  is  not  blocked  by  material  disturbed  when  the  perforation  is 
made. 

The  double  type  packer  can  also  be  used  to  inject  cement  grout 
at  any  desired  level.  Under  soxae  conditions  this  may  be  desirable. 
Two  things  limit  tht.  usefulness  of  this  scheme.  First  the  packers 
must  be  removed  before  the  grout  has  time  to  set  firmly,  in  which 
case  the  outside  pressure  might  force  grout  back  into  the  well.  And 
second,  if  there  is  free  circulation  outside  the  casing  the  grout 
might  be  carried  away  or  diffuse  into  the  v/ater  in  the  outside  channels, 
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or  might  possibly  sink  to  the  foot  of  the  'Well  khd   clog  the.  aquifer 
that  is-  to  be  protected.  ■'■-■■,' 

Unfortiiriately  time  and  resoxirces  were  not  available  to  buy  or 
build  a  double  pi-clcer  plug,  and  carry  Dut  these  tests  on  leaking  wells. 
Any' investigation  of  conditions  within  and- around  a  well  depends  on 
the  devising  of  schemes  for  taking  data  that  are  susceptible  to  ac- 
,curate  interpretation.  The  only  chock  on  the  Correctness  of  inter- 
pretations of  the  data  collected  isi  in  the-  final/success  , or  failure 
of  the  repair  jab. 

Further,  vifhen  an  attempted  repair  fails  it,  is  extremely  difficult 
to  tell  v/hat  has  happened- or  whether  the  failure  was  "due  to  incorrect 
analysis  of  the  test  data  or  to  faulty  technique  in  the.  grouting  opera- 
tions. Only  a  high  proportion  of  successful  repair  Jobs  finally  indi- 
cate that  the  tests  are  soiond,  the  interpretations  valid  and  the^  repair 
techniques  correct.'  -'  '         .  j .  -    ' 

Repair  Operations.  •  ^  ;■ 

■In  attacking  repair  operations  tho  first .objective  should:  be 
to  remove  all  virell  -equipment  and  .casings  so  the  V/eil  may  be,  recased 
and  gnouted  in'  exactly  the  same  way,  as  a  new  ?/gll.'  The.  reason,  for 
this  is  that: only  by  pulling  the  casing  can  there  be  full  assuranee 
that  -the  .grout  will  fill  all  cavities  eroded  into  the.'wall  of  the  ■ 
original  ^hole.  'SeT/eral  schemes -for  repair  of  wells  are,  described  ■ 
belov/,  .■:'■■■'•''  ■  ■■  ■    '    '  ..,..•.■:■■'■■ 

Figure- .23-  shovirs  the  .probable  condition  'surrounding  the  casing 
of  a  badly  leaking  well  and  indicates..- a  suggested  method  of  repair. 
The  first  step  in  repair  should  be  an  attempt  to  lift  the  casing  and 
screen.   If  the -bottom  of  the  screen  has  been  cemented  .in  place  a  cas- 
ing cutter  can  be  used  to  sever  it.  If  desired  the  casing  m.ay  be.  cut 
several  feet  above  the  screen  which  is  then'  left  in  place.   .  :. 

Assuming'  that  the .  casing;  c&n..  be  moved  the  procedure ;  shoiild  be  - 
as  follovirs:  Lift  the  casing  so  that  the  bottom  of  the  screen  or  the 
casing  cut  is  well  up  in  the ■ impervious  bed  over . the  .aquifer .  Run  in 
sand  containing  both  coarse  and  .f inc  ^fiate'rial  and  work  it  into  the  - 
aquifer  by  use  of  a  plior^er  or  other  moans  until  the  vrell  is  filled  to 
a  point  at  least  several  feet  above  the  top  of  the  pervious  formations, 
but  not  up  to  the  bottom  of  the  suspended  casing.  This  operation  is 
the  exact  revcirse  of  the  well -development 'process  and  is  necessary  to 
prevent  the  grout  from  entering  and  clogging  the  aquifer.  A  natural 
sand  .with  an  ef f octive. ' size  less  than  0.3  mm  and  a  uniformity  coefficient 
of  2  to  4-  shoiild  be  satisfactory.  'A  high  uniformity  coefficient  is- 
dGsirahlo  in  order  that  large  particles  be  available  to  start  the 
clogging  action  in  case  the  vrell  has  been  gravel  packed  or  the  aquifer 
is  a  coarse  gravel.  Allowing  the  sand  to  settle  into  the  well  and  the 
use  of  a  plunger  to  v/ork  the  sand  into  the  gravel  will  bring  the  fine 
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STATIC     LEVEL    GAGE 
WATER     PRESSURE   GAGE 

TO    WATER    PUMP 
AIR    PRESSURE  GAGE 


STATIC     LEVEL    LINE 


PACKER    EXPANDING    AIR 
PRESSURE    LINE 


AIR    PACKER    PLUG 


PERFORATION    BETWEEN 
PACKERS 

AIR    LINE 


Fig.  22  Arrangement  for  Using  a  Double  Air  Packer  Plug  to 
Test  a  Well. 
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6.  GROUT  IN    NEW    CASING    BY 
ANY    OF    THE    METHODS 
USED     FOR    NEW    WELLS. 


-a 


1. 


5.  AFTER   SAND  IS   IN    PLACE 

FILL  THE   HOLE  WITH   DRILLERS 
MUD  AS  THE  OLD    CASING    IS 
COMPLETELY    REMOVED, 


RAISE    BOTTOM 
CUT   CASING    TO 


OF   SCREEN   OR 
THIS   LEVEL. 


4.    FILL   HOLE  TO  THIS   LEVEL  WITH 
FINE   SAND   TO  KEEP    DRILLERS   MUD 
AND    GROUT   OUT   OF    THE  AQUIFER. 

2.   OR    CASING    MAY  BE   CUT 
ABOVE    SCREEN. 


SCREEN 
BOTTOM 


MAY  BE    CUT  AT 
OF    WELL. 


Fig.    23     Suggested  Method  for  Repairing  a  Leaky  Well. 
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particles  to  the  surface  of  the  sand  plug  where  they  are' needed  to 
exclude  the  grout.  The  sand  should  be  tested  above  ground  to  make 
absolutely  sure  that  neither  grout  nor;  the  driller's  mud  usSd  in 
subsequent' operations  will  penetrate  the  sand. 

When  the  sand  is  in  place,-  the  teell  should  be  filled  'v/ith  , 
driller's  mud  and  the  casing  completely  withdravm.  The  mud  shotild 
be  introduced  near  the  bottom  of  the  hole  but  not  close  enough  to 
the  sand  plug  to  disturb  it.  As. the  casing  is  withdravm  mud' should 
be  added  as  necessary  to  keep  the, hole  full  and' all  mud  placed  in  the 
well  should  be  carefully  measured.  The  introduction  of  driller'' s  mud 
serves  three  primary  purposes:   (l)  it  prevents  caving  or  collapse  of 
the  hole  as  the  casing  is  pulled;  (2)  it  prevents  vertical  circulation 
of  water  between  the  aquifers  during  subsequent  grouting  operations  5 
and  (3)  it  provides  a  quantitative  mcasiircment  that  gives  an  idea  of - 
the  open  capacity  of  the  hole.  From  the  latter  information  the  maxi- 
mum quantity  of  grout  needed  can  be  figured,-  or  the  presence  of  permea- 
ble beds  that  have  a  high  capacity  for  absorbing  either  mud  or  grout 
may  be  discovered.  The  mud  level. should- be 'determined  periodically 
as  the  filling  progresses,  for  from  these  data  and  a  knovir ledge  of  the 
quantity  of  mud  pumped,  the  diameter  of  the  hole  can  be  computed,  or 
in  the  case  of  high  loss  of  mud  the  lelrol  of  escape  can 'be  determined-.. 
The  latter  information  is  indispensable  for  it  tolls  to  what  level  ,  , 
wells  can  bo,  successfully  grouted  and  it  prevents  the  uncontrolled  , 
pumping  of  grout  av/ay  into  permeable  formations  whore  it  may  do  con- 
siderable: damage  if  the  higher  aquifers  are  still  in  use.  The- proc.ed,ure 
described  here  v/ould  prevent  occurrences-  similar  to  the  attempted   ■  ■. ;  ; 
repair  job,  v/harc  3750  bags  of  cement  v/cre  usOd  to  mix  a  thin  grout 
which, in  turn  was  pumped  in  at  the  surface  bet¥racn  casings. .  Wh^re  all, 
this  cement  went  to  no  one  knows,  but -its  injection  had  little  or  no 
effect  on  the  leakage  conditions  at  the  vroll. 

The  Halliburton  Oil  Well  Cementing  Company 'uses  a  caliper  for  open 
hole  oil  v/ell  logging  which  could  be  used  satisfactorily  for  water  . 
well  logging.  Their  charge  per  well  for  caliper  logging  is  about 
$70.00  plus  K   cents  per  foot  for  wells  "under  5000  feet  in  depth*  The 
caliper  is  shovm  in  Figure  24,  '   • 

In  Figure  25  arc  shown  the  plotted  results  of  caliper  logging. 
The  fact  that  the  holes  are  oversize  for  a  considerable  portion  of 
their  depths  shov/s  the  ease  \;ith  \;hich  vertical  circulation  can  take 
place  outside  the  casing  and  also  indicates  the  importance  of  knowing  --•■ , 
the  hole'  diameter  when  computing  the  amount  of  gTout  needed  to.  fill    ■  ■ 
the  annular  space  outside  the  casing.  The  temperature  curve  shovm 
in  Figure  25  illustrates  another  test  used  by  the  oil  industry  in     ,  , 
connection  \;ith  grouting.  In  order  to  determine  ths  level  to  v;hich 
the  annular  space  has  been  filled  with  grout  advantage- is,  taken  of 
the  fact  that  cement  liberates  considerable  heat  \;hen  setting.  The 
temperatures  plotted  were  measured  in  the  driller's  mud  inside  the 
casing  four  hours  after  the  well  was  cemented. 
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-  ^^  The  uses  of- caliper  :lQgging  in- oil  well  construction,  are;  2L,f 

■  -Iv'  ■  To"  determine  the  volumetric  .capacity  of,  the..'portron  "of  the 
hole  to  be  cenienteji.-.. . .  _:       -  ,' 

2.  -To  deternane:  the  YoljiTAetric -.capacity-  of  the  portion  of  the 
well  in- v/hich  tha.gravfel  is  to  be  placed,.,  ,  .■  .  ;  .  ,  , 

'3,  .  To:  deterMne:-the  si.z&.of  th,e  hole,  as  ,,it  affects  drill 
■stem  wobble  and  fatigue  'and  to  develop^; improved 'methods  of  piain- 
taining  a,  uniform  diameter- hole,  ■,;     .  ,  ,'-  ,,,',,- 

;  4,.., '-To  shbViT  .the.  effect-s  of  :shpoting  upon,  the  hole'. 

■t    ,  ,5.  -  To  locate- the  proper,  places  .to  set' packers  and  thus' avoid 
the  many  cases  where  the  packer  "did  not  hold"  probably  because  of 
an  enla.rged  diameter  .hole. 

■  -■-    -      ,6.  To  shov/  the  changes'  in  geoloijlc.  structure  which  are  re- 
flected in  the  di^jaeter,  -of  the,. .hole.. 

■^■aturning  to  the  procedure,  for  repairing  a  yjcII,  once  the 
casing  is  removed  the  depth  to  the  sand  plug  should  be  checked  to 
ascertain  mrhether  serious  caving  has  'occurred.  A  new  casing  prefer- 
ably at  least  U   inches  less  in  diameter  than  the  hole  can  then  be 
,run  inand  cemented  inplfxeby  any  of  the. methods  described  in  the 
first  part  of  this  section,  "folloYv'ing  all  the  rules  and  precautions 
listed  there.  Drilling  out  the  grout  left  .in  the  well,  bailing  of 
the  sand  plug,  and  redeveloping  of  the  aquifer  should  put  the  well 
into  satisfactory  operation  again.  ■  ' 

If  thure  is 'a  zone  of  free  mud  loss  .ihthe  hole  it  may  be 
possible  to  grout  only  up  to  this  point.  By  injecting  mud  contain- 
ing additives  such  as  mica  flakes,  cellophane  flakes  or  sand  into 
these  open  formations  they  might  be  closed  and  the  'grouting  continued 
up  the. well  in  sta.ges.  The  ;rri-c..t  disadvantage  in  grouting  only  the 
lower  portion  of  a  well  is  that  the  most  highly  contajiiinated  and 
corrosive  waters  near  the  surf ace"  vdll  still  have  access  to  the  metal 
casing  and  leakage  through  the  casing,  is  sure  to  devel.op  sooner  or 
later. 

Figure  26  shows  one  method  of  setting  the  neii   casing  and  grout- 
ing the  well  vi/hen  the  original  casing"  is  cut  off  above  the  screen. 
The  sand  plug  should  be.  worked  back  into  the  imter-bearing  formation 


TjJ    Halliburton  Oil  If/ell  Cementing  Company,  Catalogue  No.  13, 
January  1942. 
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Type  of  caliper  used  for  open  hole  logging.    Left:    Caliper  in  closed  position.    Right: 
Caliper  arms  released  and  in  position  to  start  logging 


Fig.  2A  Type  of  Caliper  Used  for  Open  Hole 

Logging.  Illustration  from  Catalogue 
No.  13,  Halliburton  Oil  Well  Cement- 
ing Company,  Duncan,  Oklahoma. 
January  19A2. 
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COMPOSITE  LOG 


CALIPER     LOGS 


3300 
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3600 


3800 


3900 


4600 


4700 


S300 


(BY  CALIPER/ 


AMOUNT  OF 
EROSION  — 


5 


1 


TEMPERATURE 
120*  130*  140'    150'  160*   P?0' 


'■-TEMPCfiATUftE    TAKEN 
4  HOURS  AFTER 
CEMENTINS 


eimt*     COUNT*,     TCKAS 


Ua    tOUHTV,    ICW  MttiCO 


-TOP  OF  CCHCNT 


h 


Fig.  25  Caliper,  Temperature  and  Electrical  Logging  Curves. 
Drawing  from  Catalogue  No.  I3.  Halliburton  Oil 
Well  Cementing  Company,  Duncan,  Oklahoma.  January 
19iV2. 
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arbifiid  trie  screen  very  carefully  to  prote'C'-fe  it  from  invasion,  of 
grout  i  In  order  to  be  Sure  that'- sand  is;  both  inside  and  putsi&e 
th6  piece-  of  original'  casing, '  the  hole  Should  be  filled  with  sand 
above- the  iut  and  the '  excess  doWn  to  a  point  below  the  casing..per- 
forations  bailed' out  before  the  .grouting  is  started;  '  Sand  outride 
the- casing  above  the  grouting  pi-rforations";  can'  be  flushed  out  ,vdth 
mud- or  water;  After  the  sand  plug  is,  in  place  the  following:  receipt, 
v/hich  is'a  modification  of  the  method  described  by'ViTatry,  25/  may  be 
used -with  the  set-up  shovm  in  Figure. 26.    "  ,     .  , 

.■:-■:■..:   :■  1/  Three  collars,  e,  2  inches"  wide- arid  spaqed' some"' 30 'inches 

■  ■■■'  '  are  built' up  oh  the 'short  section^  of  casing?,  d,"  These 

are' turned  down  to  Tom  a  snug  sliding  fit  inside,  the  piece 
■■■   ■■■     -of  original  casing  which  has  previously  been  perforated  at 

■  -  '^'  '      '     .  '     .'     '^  "r     ■'    '■/ 

2.  With  the  casing  in  position  I  and  the  grout  pipe  inserted 
■-  through  the  ■capped  casing, -(as  described 'oh  page  83  )  to 

■  ■-  ■-   "a  point  above 'the  sand 'plug,  mud  or  water  is  pumped 'through 

■  '  ^he   openings,  B,  to  flush' the;  annulrrr  space.  '\  '  . 

3.  Grout  pumjiing  is  started  and  as  soon  as  the,  lovrer  annular 
■i ■■■space  is  filled  the_  casing  is  lifted  to  po'sition  II  so  the 

-J  ■  ■,.."•     grout  may  flow  from  openings'  a,'  as  well  as  b,  ■thus  cutting 
■;.   •■.;      -dovm  the  resistance.  ■  ■  '•''  '   ''  ".' 

-  ,.  ■  U'     '"ilicn  the  grout '  flows  freely-  at-  the '  'surface  the  cagihg  is 
^;     .    lo'A^re-d' to  position  III  and- the  grout  line  -and  casing  are 
flushed  with  mud -Or  v/ater.  ■  '       ■  -  , ' 

If  the  original  casin^g  cannot  be  removed  from  the  -well,  the 
repair  job  is  much  less  certain  to  turn  out  successfully.  The  old 
casing  should  be  perforated  freely  for  some  distance  above  the  screen 
in  order  to  assure  thnf  the-  sand  used  to  protect  th-e  aquifer  from  the 
grout  fills  the  space ^outside  the  screen  and  casing  ap  well  as  inside. 
Obviously  the  sand  us6d'must  all  be  fine  enough  to  pa-s.s  the  perfora- 
tions. Using  the  capped- casin./' method' w-ith  an  inner  tube,  page  83, 
grout  can  be  forced  through  perforations  above  the  san'd  plug.  However, 
in  order  to  .use  the  capped  casing  method  suceessf  txlly  the  casing  must 
.be;;free  of  leaks  or^  perforations  above  tiiose  used  for  grouting. 

■-■■  If  the  casing' is  perforated  at  several  points  along,  its' length, 
the  use;  of  a  removable  packer  plug  through -which  a  grout  tube  leads  to 
.a  foot  valve  provides -the  most  saitisfctctory  arran,gement .  This  could 


25/  Louis  Watry  "Grouting  Procedures" .  The  Driller,  Vol.  11,  No.  1, 
p.  8,  July  1937.       •  '   ^^      -  ■'•■  ■ 
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be  set  above  the  grout  perforations,  water  testing  and  flushing 
carried  out  and  then,  as  the  grouting  proceeded,  samples  could 
be  taken  of  th§  water  just  above  the  packer  to  determine  when 
dement  started  to  e^ter  the  casing  at  higher  perforations.-  The 
grouting  should  be  stopped  v;hen  cement  enters  the  casiilg  above 
the  .packers  and  sufficient  mud-or  vrater  pumped  in  tO'  fill  the 
grout  tube  and  also , the . casing  between  the  packer 'and  the  grout 
perforations.  If  a  considerable  quantity  of  cement  enters  the 
casing  above  the  plug  it  would  be  wise  tp:  keep  the  water  above 
the  packer  agitated  vdtK  air  or  with  a  plunger 'in  order -to' prevent 
the -Cement  from  settling  against  the  top  of  the  packer  and  harden- 
ing there.  After  allowing  five  or  six  hours  for  the  grout  to  take 
an, initial  set  the, packer  could  be  released' and  removed.  The  well 
could  then  be,  filled  vidth  sand  to  a  point  below  the  next  higher  per- 
foi-ation,  the  packer  reset,  the  opening  flushed  and  grouting  continued 
on  up  the  well,  repeating  the  process  as  many  times'  as  necessary. 

A  double  packer  plug  of  the  type  used  in  oil  v;ell  squeeze 
cementing„Qr.  of  the  air  expanded  type  could  be  used  for  grouting 
through  perforations  and  thus  avoid  the  need  for  filling  the  well 
with  sand  above  the  aquifep  plug  at  the  bottom. 

A 'Bacon  Bomb  type  sampler  26/  ,  Figure  27  is  suitable  for 
sampling  above  the  packer  to  determine  v/hen ■. cement  ds  entering  the 
casing  at  perforations  above  the  injection  point;  These  samplers 
are  designed  to  obtain  samples  at  the  very  bottom-  of  tanks  or  from 
'any  intermediate  level.  They  can  be  purchased  in  eight  ounce,  10  x  2 
and  If   ounce  11  I/2  x  1  s/^"  size  for  about  $17.00.  So  far  as  is  knovm 
they  have  never  been  used  in  well  investigations  but  could  be  made  to 
serve  a  variety  of  purposes.  Smaller  diameter  samplers  could  be  made 
up  along  the  same  lines  if  necessary.  , 

If  the  results  of  test  pumping' into:  perforations  or  other 
information  indicates  that  large  cavities  have  been  eroded  in  the 
ma.terial  outside  the  casing  it  may  be  worth  vriiile-  to  explore  for 
cavities  with  small  test  holes  before  undertaking  repair  operations. 
This  was  done  at  V/estern  Electric  Weil  Nmiiuer  2  in  which  the  chlorides 
had  increased  to  several  hundred  parts  per  million  and  the  water  was 
no  longer  usable.  This  well  was,  drilled  in  1930  to  3I3  feet  depth 
and  is  located  close  to  the  Patapsco  River  on  Point  Breeze.  A  two 
inch  hole  was  sunk  outside  the  casing  and  struck  a  large  cavity  at 
90  feet  b.elovj-  the  surface.  The  test  hole  was  enlarged' to  four  inches 
arid  150  tons  of  pea  size  gravel  fed  in.  A  grout  pipe  was  then  worked 
dovm  into  the  gravel  and-  grout  pumped  until  it  appeared  at  the  surface, 


26/  A.  S.  T,  M.  Designation  D  270. 
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Fig.  26  Bottom  Hole  Casing  Connection 
for  Grouting  an  Old  Well. 
Drawing  from  "Grouting  Proced- 
ures", Louis  T.  Watry,  The 
Driller,  Vol.  11,  No.  7.  July 
1937. 


Fig.  27  Bacon  Bomb  Type  Sampler. 

Drawing  from  Fisher  Catalogue 
90. 
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The  chlorides  soon  dropped  to  about  35  parts  per  million  and  the. 
job  v/as  considered  successful,  ,;,:■.  ;.  •  '  -:   ''■■     -  " 

',    iThe  above 'job  w?ts  planned  and  superTrisedibj.iMr;"  E.   S.  Adams, 
Plant  Engineer.,     Since  the  well  d.rill era  he,  eontact'ed  would  not 
lyidertake  the?,  „ job  Mr.  'Adams  called  In  the  RaymQ'ndi  Concrete' Pile 
CJorapany;  .to,  drili-  the  test  hoXe  and  ■do.,tirie.  ^outingv     ■  •■    ' 

The  methods  desbribed  above  for  repairing  leaky  wells  are 
sure  to  be  expensive.     However,   if  they  prove  successful  in  the 
majority  jof  applications  the  e:!q3ense  mil -be  iweli.  justified. 
Other  ■schemes,  might  be  devised  whichwould  be  ^less':co'stly  but 
if  thes.q  ,are  not  bas'<id  on  an  accurate  knqwledge  ,of  this  "liiider- 
grourid.  oonditians ;  emd  oh  good  grouting  practices','. -they  are  very 
apt.  to  fail  with  the  result  th^t  the  'v/ell  and  all  the  money  in- 
Vested  in  repair  is  lost.     Moreover,, .the,- jpb  iof,  completely  seal- 
ing up^thq^well- must  thehbe  vuidertaken, or, the  well 'Will-  remain 
a. permanent  sour  c'e,.:  or  Gohtarainat'ibn'.'.  ;     .;   ,,,::;;!,-..■.:   ."'  '-'   -    ' 

, -T  :■:^.<  :-'■'■■  '■■-■•'  SeaHng  'Abandoned  Vj^ellg     ,  .  •     -■  '    ■■^"^' ■''";.    ' 

/.,     Wi4>h  ;^n  undefst&idin'g  'Of  the  'methods; .and:  techniques  available 
for  grouting:  nev\r,  and ''repairing  leaky  .■vrelis  the'  planning  of  prb'Cedures 
for  'per,pianently  sealing-'abandoned.  wells. becomes,  relatively  simple.. 

,The'  ruleS;  ■wMch  Ishould'' be  followed  -bo  .,accomplish..th^-'' job -with '.fair.. ,. 

'certainty,Qf; -success,  are:'     ■'•.:'.,'  .,-!,,?  ;iV-h..:'>  .■:\!,r-  -,'■-'''■-■-'   '''""      ",> 

1.     Clean  out  the  well  and  remove  as  much  as  possible  of  the 
old  casing.  ..  ..,,^    v  ., ;  ;■  ■;<  -^ic  -  ;^-i  '^"  ■-•"''^'■"   ...,,... 

^  ','  ,\  2.: .  ■  thorough'ly  '{jerf  orate  all"  casing  left:-,in 'thfe.well /t'o/permi't 
free  circulation  of  grout  into  the  cavities  outside. '-The'  more' and 
the ■  larger.. 'th,e  <i)penings  in- tHe  ■casing  .the  better.-,..  .   -vi  ■'"■-■■' ;' 

3,-  ,-;If.  itl^e  aquifer';at  the  foot'pf  .^/bhe.-we-ll'  is  .apt  to  take 
givDut.,.piug,it,,5ffith  sahd,  -  -^^  ■■'■-  ^,  '  .  ..  r.^v.U  ;-s  ■  .■.■''.'~-  '^  •   ;■■'■-'-.' 

. '  ,4»-;.-.?virap  "the ;  grout  to^the  bottom  pf  the;- well,,.i.n-  o'ne; -Continu- 
ous'operation:..,  ~:.i,  ■,;■--'-  :■>-'•  '•/"■^  i'm^^t.,-  .:   '  '  -  -.-•'-'- ■^-  -'■"  ," 

.',.^■-5.  ii  ■:fehe-,\yeil-cann6't  be' fiile4  w.i'"bh  .-grout^-all.-tih&'-'-way  to 
the  surfaqe  because  J of  the  -presence  of  an.  open-,-f  orra^'-tiort,-'  ^t-op 
when  the.  grout;  has,  risen  to  this  formation.  Allow  the  grout  in 
lo^er  part  of  the  hole  to  set,  then  plug  .the  open -fomation- with 
sand  find,  continue  the  grouting  to  the  surface.      ,  : , 

The  many  unsuccessful  attempts  to , completely  plug^ abandoned 
wells  in  this  area.  :is  believed  to  be'  due  to  the  fact  that  cement 
or  clay,, is  not  worked  into  the'  cavities  around  the  casing.-'  -Any 
steps  taiken  to  .assure  filling  'of  these  .outside  cavities  will  increase 
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the  chances  of  success.  Thus  the  more , old  casing  remoy©^4 .'arid  the 
more  .holes  punched  in -"any  casing  left  in  the  well,  the  better.-: 
In  double  or  triple  cased  wells  the  inner  strings  should  always  be 
removed,  if  necessary  cutting  each  string  at  the  foot  of •  the  casing 
next  .outside-.  If  it  is  iraljossible  to  remove  the  inner  strings  then 
the  perforations  must  penetrate  both  inner  and  outer  casings;.;  For 
this  a  gun  perf oJ*Ett6r  Mght  be  used..  See  Figure  28.,  . 

Vifhere  casings  are  left  in  the  well  and  are  perforated  it 
would.be  a  good  idea  to  agitate  the  grout  with  a  plunger  as  it  '  ■. 
rises  in  the  casing  to  assure  continued  flow  into  the  outside 
cavities  until  they  are  filled.  The  desired  condition  is  for  the 
grout:  to  rise  outside  the  casing  at  the  same  rate  , it  rises  inside. 

Many  of  the  old  v;ells  in  the  area  have  been  filled  with 
concrete  -vd-thout  removing  the  casing  or  making  any  attempt  to  seal 
the  cavitie:s  and  channels  in  the  ground  o'utside.   As  a  result  some 
of  these:  old  so-called  "plugged"  wells  are  leaking  seriously.  The 
job  of  rectifying  these  past  mistakes  is  sure  to  be  a  costly  and 
difficult  one.  The  job  of  drilling  out  the  concrete  and  attempting 
to  remove  ivhat  is  left  of  the  did  casings  would  appear  to  be  a  more 
expensive  job  than  drilling  a  new  hole  alongside  the  old  well  and 

? working  down  it,  in  efforts  to  seal  the  cavities  and  vertical  channels. 

;The  latter  attack  has  the  advantage  of  providing  exploratory  evidence 
as  to. the,  underground  condition  as  well  as  being  cheaper  and  provid- 
ing -an  uncased  hole  to  work  in.  ,   -      . 

Most  of  the  old  vrells  throughout  the  area  have  simply  been 
abandoned  ivhen  the  screens  or  casings  failed  or  salt  and- acid  con- 
taminated the  producing  aquifer.  Many  of  these  are  no  doubt  still 
transmitting  salt  and  acid  to  the  lower  beds.  VJhether  natural  pro- 
cesses ultimately  seal  these  leaks  and  what  length  of  time  may  be  .' 
required"  for  natural  plugging  can  only  be  guessed.  It  is  reasonable 
to  suppose  that  in  inany  cases  when  pumping  is  stopped  the  products 
of  underground  erosion  and  casing  decomposition,  carried  dpwn  by 
the  leaking  water,  will  gradually  clog  the  lo^ver  aquifer  around  the 
vrell  and  ultimately  seal  the  leak.  That  this  does  not  always  take 
place  is  evidenced  by  the  continued  leakage  down  the  plugged  wells 
in  certain  areas  where  nearby  v/ells  are  still  heavily  pumped.  Proba- 
bly the  heavy  pumping  prevents  the  gradual  deposition  of  suspended 
particles  in  the  aquifer  around  the  old  well  and  keeps  the  leak  open. 

.  If  the  actively  leaking  abandoned  vrells  can  be  located  there 
is  soj:i'e  possibility  that  government  assistance  might  be  obtained  to 
do  the'  sealing  job.  Governmental  sealing  of  abandoned  coal  mines  '■ 
to  protect  surface  waters  affords  a  precedent  that  applies  to  the 
sealing  of  abandoned  vrells  to  protect  underground  water.  The  United 
States  Department  of  Interior  Geological  Survey  is  alv;ays  willing 
to  lend  the  assistance  of  the  ground  water  experts  on  its  staff  and 
to  do  everything  ivithin  its  means  to  help  correct  the  type  of  diffi- 
culties that  have  beset  ground  water  users  in  the  Baltimore  Industrial 
Area. 
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SECTION  VI 

,  ■   ■■    '';■    ,  ^    ; ' "smaaRT;      .  ,'•';.;    ■■    ' '     '■ 

The  difficulties  connected  '.ritli  the' utilization  of  ground 
vrater  in  the  Daltii.'iore  Industrial  Area,   and  the  raethods  -./hich  nay 
be  \ised  for  studying  nnd  correctiiis  those  difficulties  have  been 
su:rii:rx*ized  in  the  introduction.   Section  I,   of  this  report.     It  ap- 
pears desirable,    therefore,   to  present  in  these  closing  T)£rai;rar)hs 
"  only  a  brief  enuiaeration  of  the  salient  r.robleias  end, the  means  r/hich 
siiould  be  adopted  to  solve  then.    '  .,,,-. 

Ground  vrnter  used   in  the  Baltinore  Industrial  Area  is  withdravm 
from  the  sands  and  gravels   of  the  unccnsolidnted  Cretaceous  forraations 
of  the  coastal   pl;-dn  alonf-r  both  aides  of 'the  Patanseo  River  southeast 
of  Baltinore.     Tliis  artesian  vjater  enters    the  pervious  beds  through 
outcrops  tJiat  appear  in  irregular  bands  along  the  Fall  Line  and  raoves 
thence  southeast  bet:.'.'een  thicl:  confining  beds  of  clay. 

Since  the  tine  this  nator  vras  first  used  by  the  early  settlers 
nore  than  1000  v/ells  have  been  drilled  in  the  arCa.     It  is  estimated 
that  about  40  nillion  gallons  daily  are  punped  fron  150  large  active 
VJells.     The  value  of  this  vrater  to  the  Bciltinore  area  is  about 
■  1,000,000  annually.'  '  .' 

■    Five  tyies   of  difficulties'  are  encountered  in  connection  v/ith 
the  utilization  of  this   ground  water,      (1)      Contanination  vrith  salt. 
{2)     Cental li nation  '.■;ith  acid  TT--ters.      (3)     Fall  in  static   levels. 
(4)     Reduction  in  yields.      (5)   Structural  failure  of  the  v;ells   or 
vrell  equipment. 

Of  these,   chloride  contjinination  is  the  nost  serious.     In  the 
area  around  the  upper  Patanseo  River  salt  '.'ater  has  entered  the  aqui- 
fers througli  their  outcrops  under  the  harbor  or  through  the  riany 
abandoned  \;ells  and  has  thoroughly  contariinatod  ell  the  artesian  strata, 
The  higli  chlorides  in  scne  -jells   indicate  that  the  '.;ator  is  pulled 
through  underground  channels  directly  fron  the  river.     This  area   of 
ge^neral   contaiiination  does   not  -.ppear  to  be   spreading  apnreciably. 
I.fovenent  of  salty  vjater  dovm  the  dip  '.rould  be  very  serious  end  night     ■ 
spell  the  doom  of   fresh  fpround  '.rater  suirolies  along  the   lovjer  Patanseo 
River . 

In  the  Colgate  Creek,   Dundalk,   Sparrov/s  Point,  Fairfield  and 
Curtis  Bay  areas  the  deen  ac^iiifsrs  arc  still  fresh.      In  these  areas 
nany  x/ells  are  contardnated  by  leakage  of  sh'sllov;  salty  water  derm 
used  and  abandoned  'jells.     Prospects  are  favorable  for  correcting 
these  difficulties  if  the  nroner  records  are  kept  and  scientific 
nethods   of   testing,   diagnosis,  a.nd  treatment  are  adopted. 

The   types  of   records  needed  are:      (1)     Continuous  recording 
of  static  levels  at   strategic  points.      (;. )     /vccurate  meterage  of 
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all  Water  •nvinped.  (3)  Frequent  tests  of  static  and  dynanic  levels 
in  active  vrells.  And  (4)  frequent  check  on  chloride  content  of 
vJater  from  active  v;ells, 

"The  detailed  studies  needed  are:   (1)  A  general  study  of  logs 
and  of  vrater  quality  and.  static  levels  in  order  to  correlate'  the 
various  distinct  aquifers,  i'i)     Study  of  v/ater  levels,  ratfes  of  use, 
and  hydrology  to  detorraine  the  safe  yield  of  the  aquifers  in  the  area. 
(2)  Location  of  the  limits  of  the  area  of  general  contaciinat ion  and 
study  of  Its  rate  of  extension.  And  (4)-  intensive  study  of  the  leak- 
age prohlems  at  the  individual  -vxell'  groups  to  learn  the  source,  the 
raanner  and  the.  amount  of  lealcage  in  order  that  successful  corrective 
measures  may  be  planned. - 

The  hydraulic  and  ^'^eochemical  methods  available  for  making  these 
studies,  are  elaborated  in  the  body  of  the  paper. 

A  gi-'eat  deal  of  tine  ha  s  been  spent  during  the  preisent  investi- 
gation in  tabulating  and  summarizing  information  from  all  the  exist- 
ing sources  in  order  that  it  may  be  used  rao re  readily  in  studies  of 
the  above  tyue  now  under  vray  as  a  cooperative  project  spons6red  by 
the  Maryland  Department  of  Geologj',  Mines -and  ITater  Resources,  and 
the  U.  3.  Department  of  the  Interior  Geological  Survey.  -Adequate 
scientific  data  accuraulated  in  connection  vfith  the  l^^tter  project 
should  in  the  course  of  a  fev;  years  provide  the  answers  to  many  of  the 
perplGxing  problems  and  indicate  the  correct  solutions  for  the  individ- 
ual difficulties;.  ■       "  '  '  ■  ::    ■  '  i  .''■■   ;■  ■ 

The  serious  leakage  of  salt  and  aei€'c6htaminated  waters- 'from 
shallow  vfater  bearing  formations  into  the  deeper  fresh -water  aquifers 
can  be  controlled  only  by  proper  use  of  cement  grout  for  the  construc- 
tion, repair  and  sealing  of  vrells.  Many  of  thie  techniques  for  using 
cerient  grout  have,  therefore,  been  described  in  detail.  Unless  these 
methods  are  adopted  most  of  the  ground  Uater  supplies  in  the  Baltiiiore 
Industrial  area  will  sooner  or  later  have  to  be  abandoned  as  sources 
of  fresh  vrater. 
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APPENDIX  I.  :.   ,-, 

List  of-  Wells,  in  the  Bali:imore  Area  - 

In  order  that  the  scope,  the  limitations,  and  the  possible 
"uses  of  the  list  of  wells  may  be  clear,  the  sources  of;  information 
are  described  .here,  aiid  reasons  are  .giyen  f,or:  working  up  and 
presenting  the  information  in  the  particular  form  used. 

Sources  of  Information  .  ■■  ■,      .  , 

The  fact  that  so  much  data  on  wells  in  the  area  could  be 
assembled  is  due  to  the  interest  and  the  work  -of  numerous  public 
and  industrial  officials.  .Darton\2/made  the  first  fairly- 
comprehensive  sTxrvey  of  v/ells,  in  the  area.  His  vjork  served  as 
a  stimulation  and  guide  f.or  the.  later  surveys  made  by  the  Maryland 
Geologic  Survey.  The  early  v/ork  of  the  Survey  seems  to  have  been 
very  thorough,  and  records  apparently  were  kept  fairly  well  up-to- 
date  until  in  the  early  1930' s.   In  1939  the , severe  ground  water 
difficulties  at  the  Sparrows  Point  plant  of,  the  Bethlehem  Steel 
Company  interested  the  officials  of  the  Plant-  in  the  general 
problems  of  the  area,  and  they  stimulated  much  of  the  work  which 
led  to  the  preparation  of  this  dissertation.     • 

In  order  that  the  various  s'ources  of.  information  might  be 
knovm  to  future  Tforkers,  reference  index  letters  are  recorded  in 
Colujiin  26  of  the  comprehensivt3  list.  The  key  .-for  source  reference 
letters  is  shown  in  Table  XVI.  ,  ■  ... 

TABLE  XVI  -   ■  -      -  .-  .-.  .  '  . 

Key  to  Reference  Letters  Used  in  the 
List  of  Wells  in  the  Baltimore  Area^ 

A,  Bethlehem  Steel  Company' Files  and  Surveys,  . 

B.  "Report  on  the  Curtis  Bay  Water  Supply  for  the 
United  States  Industrial  Alcohol  Co."  Dr.  J.  T. 
Singewald  Jr.,  December -8,  1920  .        : 

2/  .  N.  H.  Darton,  "Artesian  Well  Prospects  in  the  Atlantic 
Coastal  Plain  Region",  U.,  S.  Geological  Survey  Bulletin 
No.  138,  1396.  ■ 

*   Sources  D,  E,  F  and  G  are  at  present  available  to  any  interested 
party.  All  letters,  reports  and  data  sheets  comprising  sources 
A,  B  and  C  are  included  in  the  supporting  data  with  numerous 
other  papers  pertaining  to  the  ground  vi^ater  situation  in  the 
area. 
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C.  The  Shannahan  Artesian  V/ell  Company  letters  to  the  Bethlehem 
Steel  Company. 

D.  The  Maryland  Geological 'S\u*v:ey  .Index  and  Record  Cards. 

E.  The  Files  of  the  Bureau  of  Water  Supply.  Baltimore  City, 
Cross -Connection  Surveys^-  ^      .•  ; 

P.  "Artesian  W,ell  Prospects  in  the  Atlantic" Cora's tal  Plains 

Region".  N.  H.  parton.  Bulletin  138,  United  States  Geological 
■  Sijrvey,  1896.  '  .- '  ■..;.■,.  "'■' 

G.  .  "Vfeter  Resources  of  Maryland".  William  B..  Clark,  E. "B.  Mathews, 

and  E,  W,  Berry,  Maryland  Geological  ^Survey.  ;  ,'March' 1918. 
H.  Information  directly  from  Oirvners  not  included  iri  above  surveys 

and  reports.  Obtained  by  Geyer*    ■  •■  . 
I.  Information  obtained  during  the  present  cbopeTative" -Maryland 

Geological  Survey  Study,  •■..  • 

Maryland  Geological  Survey  Records 

-The  records  kept  by  the  Maryland  Geological  Survey  are  the 
most  important  source  of  information  on  15? ells  in  Maryland.  Where 
actual  field  surveys  have  been  made  and -the  existence  of  vrells  learne 
by  door  to, door  canvass,  the  records  are  complete.  V/hen  voluntary 
reporting  and  occasional  correspondence'  v/ith  well  drillers  has  been 
depended  on  for  information  tho   coverage  is  apt  to  be  rather  poor. 
In  the  Baltimore  area  several  intensive  surveys  have  been  carried 
out  by  the  Geological  Survey.  The  firgt  and  most  thorough  of  these 
•ViTas  made  around  1910  and  shortly  thereafter  and  formed  the  basis 
of  the  information  published  in  the  1918  report ,  "7fater  Resources  of 
Maryland".  The  last  survey  was  undertaken  as-  a  CWA  project  in  the 
early  1930 's  when  data  vrere  collected  for;  preparation  of  a  contour 
map  showing  elevations  of'  the  basement  rock  in.  Baltimore  City.  The 
principal  shortcoming  of  the  latter  survey  seems  to  have  been  that 
no  effort  was  made  to  obtain-  full  information  from  the  large  industrd 
For  example,  very  few  vfclls  of  the  tv/o  largest  groiind  vrater  users, 
the  Bethlehem  Steel  Company  and  the  U.  S.  Industrial  Chemical 
Company,  appear  in  the  Maryland  Geological  Survey  records. 

The  following  records  are  available  in  the  files  of  the 
Maryland  Geological  Survey:  " 

I.  _-  The  State-Wide  System 

a.  Card  Index  giving  data  on  each  well  reported  out- 
side the  Bait imere  Area.   On  these  3x5  inch 
cards  are  rec'orded  data  obtained  firsthand  or 
submitted  by  the  owner  or  driller.  They  are 
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filed  in  groups  according  to  the  United  States  Geological 
Survey  Topographic  Quadrangle  in  v/hich  the  v;ells  are 
located  .and  are  given  a  serial  number  and  a  location 
-niimber.  The  location  nmnber  is  based  on  the  usual  succes- 
sive 3x3  subdivisions.  The  subdivisions  are"  numbered 
3  tijn.es  across  from  1  to  9  as  reading.  The  first  nuineral 
in  the  location  number  indicates  the  rectangle  in  the  first 
3x3  'breakdovm,  or  in  this  case  the  5  minute  x  5  minute 
rectangle  in  which  the  well  is'  located.  The  second  numeral 
signifies  the  location  in  the  'further  subdivision  of  the 
first  rectangle,  etc.  The  names  are  abbreviated  and  followed 
by  the  location  numbers,  e.g.,  Bal-9-639  indicates  the 
Baltimore  Quadrangle,  the  last  or  lov/er  right  hand  5x5 

•-minute  rectangle,  and  the  further  location  by  3  successive 
3x3  breakdovms.  The  cards  for  each  quadrangle  are  filed 
.by  location  number.  File  drawers  are  numbered  "Well  Records". 

■  1,  2  and. 3.-  .  ■    ■   '' 

b.  Book  of  Quadrangle  Sheets  shov/ing  th.Q  wells  as  red  circles, 
with  well  serial  mamber.  The  book  contains  a  transparent 

..  ■  location  number  grill  and  a  key  to  symbols-  used  on  the  cards . 

c.  Book  of  Profiles  shov/ing  wells  and  well  logs  projected  onto 
seven  sections  running  fi»om  Fall  Line  to  the  Atlantic  Ocean. 
Vertical  Scale  1"  =  100'  and  Horizontal  Scale    1 

62500  -_ ,.,.  • .  ;■■,  *  . 

II.  Baltimore  Area  Record  System 

a.   Card  Index  giving  data  on  each  well  similar  to  the  plan 

used  for  the  State.  The  location  system  is  referred  to   ■      •' 
Maryland  Geological  Survey  maps,  scale  1"  =  1000';  of  which 
there  are  seven,  each  covering  an  area  4-  miles  E-F/,  by  5  miles 
N-S.  The  four  Balt4mbre  maps  corner  at  the  Washington- 
Monument  and  are  called  INIW,  INIE,  ISIW  and  IS  IE.  Three 
additional  maps  cover  the  industrial  areas  down  to  the  Patapsco 
River.  These  three  maps  are  referred  to  on  the  cards  by  either 
of  two  names  1S2E  or  Dimdalk,  2S1E  or  Cui-tis  Bay,  2S2E  or 
Sparrows  Point.  Each  map  is.  subdivided  into  1/2  mile  squares. 
The  8  columns  formed  are  numbered  1  to  3  across  the  10  horizontal 
rows  0  to  9  downwiird.  Each  half  mile  square  block  is  indicated  by 
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Its  row  number  followed  by  Its  column  number.   These 
blocks  are  then  further  subdivided  by  successive  3x3 
breakdowns  as  in  the, case  of  the  quadrangle  maps,  thus 
giving  location  numbers'  v/hichr  ead'  as-"lSlE-46-475, 
This  system  i3  a  revision  of  an  earlier  one  based  on 
le.tte.rs-.-- and.  numbers  ubing  half  mile  squares  but  not 
relating -them  to  the'  4  by  5  mile  sections  of  the  map. 
,3?he-  la;tt©r  nxarabers  appear  \on  most  cards  as  .well  as  the 
.regular  location  numbiirs,  '  Wells-  oh  each  of  the  4  by  5 
mile,  blocks  haye  boon '.numbered  by  one  or  the  other  of 
seyeral  serial  numb.ertngs.  ■  As-  a  consequence  the  serial 
inumbe rg •  ha ve ,  lost,  significance  except;  in  connection  v>fith 
the  use-  of  the  spotting  maps,  whore  by' fusing  the  loca- 
tion, number,.,  .the  serial  on  the  maps :  ca:a -be,  checked  a- 
gainst  the.  sari.al  on;  tho  card,- ■  Th-ef  area  covered  by  the 
seven  maps  of  t.his.  system' is  also  covered  by  the  U.S.G.S, 
Quadrangle  sheets.  '  Some  o.f  the  wells  in. the  Baltiniore 
area  are  filed  under,  the  sto.tewlde- system  rather  than 
under  the  Baltimore  Area  ■  37/atora.   Because  of  this  over- 
lapping and  because  of  i:ho  changes-  in  the,  old  numbering 
systems  a  good  deal  of  difficulty  is  encountered  in  work- 
ing with'  those  records*--  -Pil.ed.. with.  thO;:v/e,ll,  cards  aro 
hundreds,  of  cards  giving  information  on  'test  borings  in 
the  Baltiiiioro  area.   Thus  ■the r^j^^'a.rc  many  hundreds  of 
mixed  v/oll  .and  test  boring  cards  classed  according  to 
the  reference  'jitiaps  •ahd,-arrans:ed_.  in  sequence  by  location 
number..  They  are  filed  in  a  shoe- box  .'tha't  is  kept  on 
any  handy  shelf ,  -     '    '-  '^ '      ;.-;:,  ;  ..../-^  ,;■ 

b.  Book  of  Maps   which  goes  with  the  above  index  system 
contains  for  each  4- by-;5" '  rnlle,;area.;;ti.ie  ,.folloy;lng: 

f.°F.  rV^P'^      (A  small  strip  in  the  Wostcrh.  edge  of  city) 

1,-  Vellum  original,  showing  spotted  wells,  well  serial 

;  numbers ,  ■■basom.ent.  rock,  elevations  and-  basement  rock 
.  '  contours. , 

For  INIW, 

1»  Vellum  original   showing  8   cross-sections   plotted   to 
.       scalos    1"-  =   1000',  horizontally  and  1"   =   300'    vorti- 
'      ■  cally. 

2,  Velluiu  original   showing  rock   contours. 

3.  Vellum  original  showing  spotted  wells,    Virell   serial 
numbers,   bed   rocJc  olovr. tions   and  rock   contovirs. 
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4.  Maryland  Goologlcal  Survey  Topographic  and  property 
map*^  published  June  1912,  called  INIW,  on  v/hich  are- 
shovm  soriG  wells  marked  v^ith  serial  numbers  different 
than  on  rock  contour  shoot,  and  on  which  is  super-- 
imposed  the  surface  gooloi^y.  , 

For  11-12  B   (A  small  strip  in  thoeas  torn' edge  of  the  city)  ; 

1,  Vellum  o-riginal  same  as  f or,  INIW. 

For  INIE 

1,  Vollum  original'  showing  structure  con.tours  bfpre- 
cretaceous  unconforniity. 

2,  Vellum  original  showing  profiles. 

3,  Vollum  original  of  rock  contours. 

4,  VelluiTi  original  showing'  spottc^d  v/ells  and  borings, - 
rock  elevations  and  contours. 

5,  Maryland  Geological  Survey  Topographic  and  .Property 
map  published  July-1913'  on   v/hich  is  shovm  surface 
geology. 

For  1S2\V,  ISIW,  ISIE,  1S2E  or  Dundalk,  2S1S  or  Curtis'' 
Bay  and  233S  or  Sparrows  Point.   The  information  presented 
runs  much  ';ho  same.   Alon '  the  river  the  original  shore 
linos  are  shown.  v; ,- - 

Tho  abovo  type  of -information  v/ould  normally- 
net   have  to  be  discussed,  but  in  this  case  the  systems 
arc  mixed  and  not  well-understooo  and -most  of  the- inaps'  and 
drav/in;.:s  arev/lthout  title,   Tlicreforo  tho  systems  are 
described  so  that  subsequent  investigators  may  know  what  - 
is  available  and  the  form  in  which  it  will,  bo  found,'"  Tho 
proparation  of  those  records  ropresbn.tod  a  tremendous 
aiiiount  of  work.   I'hey  shorild  be   straightened  out,  bo 
com-plotod  and  bo  kept  up-to-date,   A  start  in  this  direc- 
tion has  boon  made  in  tho  present  work. 

Tho  Now  Woll  Numbering  System. 

In  the  above  discussion  it  may  have  been  ap- 
parent that  the  old  system  of  recording  well  locations 
in  the  Baltimoro  area- had  certain  shortcomings.   Among 
these  are:  (1),   tiio  numbers. wore  related  to  a  pa/'ticular 
set  of  old  m.aps  which  did  not  cover  the  entire  area; 
(2),  the  nvimbers  gave  no  readily  apparent  idea  of  tho  ■■ 
general  location  of  tho  woll;  (3)  tho  numbers  wore  long' 
and  cumbersome;  (4),  there  was  no  convenient  way  to  ex- 
tend tho  system,  beyond  tho  limits  of  the  particular 
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reference  raaps ;  and  (5),  the  location  designation  system 
is  not  the  one  accepted,  and  used  in  the  area  for  all 
other  purposes.        •'.•,.. 

Therefore,  the  following, system  was  adopted. 
Using  the  Washington  Monument  as  the  point  of  departure, 
each  mile  square  was  designated  by  its  distance  either 
N  or  3  and  E  or  W.  Thus,2S3E  indicates , the  mile  square 
enclosed  by  the  second  railo  south  and  the  third  mile,  oast 
of  the  Monument.  -These  squares  may  then  bo  broken  dovm 
by  successive  3x3  subdivisions  as  desired  to  indicate 
exact  location.   The  advantages  of  this  schomo  are  ap- 
parent.  This  is  the  system  that  is  usod  by  all  other 
public  agencies  in  tho  area.   Tho  City  of  Baltimore  has 
prepared  very  detailed  maps  to  a  scale  of  1"  =  200'  for 
each  mile  square  in  the  city,   Thoso  are  being  used  in 
tho  present  cooperatdve  study  to  accurately  spot  each  well 
considered  in -tho  Invostlgatlon. 

Explanation  of  tho  List  of  Wolls. 

In  order  that  the  significance  and  tho  limita- 
tions of  the  information  presented  in  the'List  of  Wells 
•in.  the- -Baltiraoro  area  be  .fully  und-or stood,  each  column 
in  tho  List  is  explained  belo'w.  .    "        ■•  ■ 

1)  Table  Lino  Niombor.   For  reference  use  only* 

2 )  Old  Maryland  Geological  Location  Number »  Ev'ery 
well  recorded  in  tho  Baltimore  Area  file  which 
is  related  to  the  seven  Maryland  Geological  Sur- 
vey 1"  =   J.000»  scale  maps  has  boon  listed. 

All  the  wells  recorded  in  tho  Maryland  State 
Quadrangle  file  which  fall  both  in  tho  area  of 
tho  sevefii  Baltl.r.iorc  maps  and  in  the  coastal 
plain  have  •been  listed.   In  addition  a  number 
of  wells  outside  the  Baltimore  area  maps,  have 
been  included  either  because  of  some  particular 
slgnificanco  or  because  considerable  data  on 
them  were  obtained  in  connection  with  the  recent 
fl6ld  surveys.   The  list  of  wells  does  not  in- 
clude more  than  a  small  portion  of  the  wells  in 
the  area  outside  that  of  the  seven  Baltimore  maps. 

3)  New  Mile  Square  Location  Numbers.   The  mile 
square  locutions  are  listed  for  all  v/olls  except 
a  few  filed  according  to  the  statowldo  system. 

4)  Ovmer's  Number.  Tho  numbers  given  are  the  most 
recent  numberin  js  usod  by  the  various  owners. 
There  is  sometimes  difficulty  in  working  with 
owner's  numbers  for  tho  systems  are  changed 
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from  time  to  time  as  old  Vv'ells  are  abandoned 
^  and  new  ones  drilled.   The  U..  S,  Industrial 
Chemieal  Company  numbers  its  v;ells  according 
to  the  property  number  on  the  pump  motor  and 
pump  frame.   Occasionally  the  motors  are 
switched  and  confusion  results. 

-5)  Owner.  'After  exhausting  all  existing  sources 
of  Inforsiation  as  to  possible  well  owners,  the 
Baltimore  Directory  was  sGax'chod  to  determine 

■:   present  company  officials  and  addresses.   Each 
company  that  was  still  in  existence  was  circu- 
larized to'  deterrnine-  the  present  status  of  its 
wells.   Cards  were  also  sent  to  a  nvimber  of 
companies  that  might  possibly  have  been  well 
owners  but  on  virhich  no  information  had  been  ob- 
tained. The  fact  that  none  of  these  spot-checked 
companies  had  wells  indicates  that  the  list  is 
fairly  complete.   The  cards  used  are  shown . in 

•  -■■  Figure  29*  Thoy  were  printed  and  mailed  by  the 
Maryland  Department  of  Geology,  Mines  and  Water 
Resources . 

■■'-  Mahy  of  tho^  properties  on  which  wells  v/cre 
drilled  in  early  days  have  changed  hands  several 
times.   As  a-  rosuit  numorous  duplications  of 
wells  listed  under  the  name  of  successive,  ovmers 

■  ■  wore  discovered.   When  found  these  wore  cross- 
referenced  to  indicate  clearly  that  the  same 

-•■wells  appeared  in'tho  record  as  property  of 
different  owners.   There  are  no  doub'b  other 
cases'  that  will  bo  dlscoVGrod  when  the  location 
of  the  wells  is  accuratel;/  determined  in  the  - 
field. 

6)  Address,   The  addresses  listed  in  the  table  are 
those  given  in  the  sources  of  information.   Since 
the  tine  when  the  early  surveys  were  m.ade  by 
Durton  and  by  the  Maryland  Geological  Survey- 
numerous  street  names  have  been  changed.   Research 
into   the -history  of  changes  in  Baltimore  street 
names  did  not  appear  justified  so  only  those, 
changes  that  could  be  determined  by  co:nparlng  old 
maps  with  nov;  ones  v/ore  figured  out.   In  Table  XVII 
are  shown  the  most  important  name  changes.   In  the 
cross-rcferonce  table  v/hlch  follows  the  main  list 
the  changes  in  names  hctve  boon  jnadc  so-  the  street 
addresses  for  the  owners  in  each  mile  square  cor- 
respond to  those  on  the  latest  maps. 
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State   of  Maryland     • 
Board  of  Natural  Resources 
Department  of  Geology,  Mines  and  YJator  Resources 
■;  .  .     BaltlmorG,  Maryland 

Due  to" widespread  and  continuing  deterioration  in  the  quality  of  ground 
T;o.ter  in  the:  BaltiBioro  Industrial     Area,'  there  are  increasing  demands 
for  a  complete   investigation  of  the  ground  vmter'  situation  and  for  as- 
sistance  in  establishing'  conservation  measures.     In  order  to  meet  theso 
demands  this  departmeiat  requests, the  cooporation  of  all  industries   ovming 
property  on  T7hichv-rells  have  been  drilled,       *    -.'..,!,..„    ■■  ■  ■ 

.  'The  attached  card. asks  for  preliminary  information  needed  to  plan  a 
camprchonsivc  '  conservation  .progrojii.     Your  assistance  will  help  conserve 
the  vmtcr  supplies   of  many  industries  and  will  thus  reduce  the  magnitude 
of  Baltimore' 'City's' water  supply  pro-hlGras,     Thanlc  you  for  yotir  cooperatic 

.  _       ';'■''■  Edward  B,  Mathov7s,  Director     ' 

Conservation  of 'G-round  ■'.•fatcr  In  the  Baltimore  Indxistrial  Area 

■■'■■■     .:-••,,  ISGOia)CF  tIEIL   Cf/KSR'        '      '' 
Have  v;clls  ever  been  drilled  en  your  property?  '  -"■'■  Yes     T^    No     ^Zl 

IsvJGll  v/atcr  ndv/  used  for  any  purpose?  Yes     Q    No     [_j 

Total  miaher  of  wolls  drilled  on  property  of  ovmor:         

Number  of  wells '  aband-oned :    .    ...    ...    .    .    . '.    ."  .    .    ,        

'Number  'of  wells  in  use   or  equipped  for  use:      '.•   .  '.    .        

Approximate  quantity  of  well  water  used:   — ^-- 

Would  you  like  to  receive  a  recent  paper  describing  the  "Ground 
Water  Situation  in  the.  Baltimore  Industrial  Area"?  Yes     Q    No  j    } 

Is  your  CQupany  interested  in  active  cooperation  in  this  vxork? 

Yes     □    No  □ 

Signed:, :-'- — '—■ — • — 

Title:----——-—- ^ 


Figure  29,       Cards  Sent  to  all  ICnown  or  Probable  Well  Owners, 
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TABLE  XVII  - 

CHANGES  IN  AVENUE  AND  STREET • NAJffiS,  m 
.  HIGHL/.NDTOI",U  MP  CANTON' 


Changes  in  Name,  of  Avenues 
Ist  Avenue 
2nd  Avenue 

3rd  Avenue  ■  .   ,  ' 

4.th  Avenue       ■ 

5th  Avenue 

6th  Avenue , 

7th  Avenue 

8th  Avenue  , 

9th  Avenue  • 
10th  Avenue  .  ^  . 
11th  Avenue      ■:'--' 
12th  Avenue 


.  E  -  W 
Boston  Street 
Cardiff  Avenue  . 
Danville  Avenue , 
Eastboiirne  Avenue 
Holabird  Avenue 
(  No  streets 


Jencks . Avenue 
Keith  Avenue 
Leland  Avenue 
Mortens  Avenue 
Ne¥;gate  Avenue 


Changes  in  Name 
1st  Street 
2nd  Street 
3rd  Street 
^th  Street, 
5th  Street  ,. 
6th  Street 
7th  Street 
8th  Street  ■ 
9th  Street 
10th  Street 
nth  Street 
12th  Sbreet- 
13th  Street 


14th  Street 
15th  Street 
l6th  Street 


of  Streets 


c 

S'. 
3 


Highland  Avenue " '  ' 
Bay  lis  Street.  V.    •"  -'  •' 
'■    Cortkilng  Street 

Dean  Street  . 
';  Eaton  Street  -  ■' '. ''   , ,  .  -^ 
Fgigley  Street-   "  :;-c. 
-■   Grimdy  ;Strcet 

Haven  Street ■■•-■  ■'"■;:':"''7 

■.,'.,  ■•■-Iris  "Avenue   ''  '  ^ 

Janney  Street..  -';■  ~  ■'■' 
,....^:,-  •Kresson.   For      .- 
■■  Lehigh  :&  )  2  blocks  N 
,  Macon  .  )  2  blocks  S 
■'■:;  ,  '  . .   )  of  Eastern 
-  '■"■■'   ,.  ,      :^Avenue. 
Newkirk  Street 
Oldham  Street 
.i....-Ponc'a  Street 


Canton  Struet  is  probably  'tiow  Fleet  Street 
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7)  Dlamotor  In  Inchosy  .,  .Gonei;;ally  the  diameter  glvon 
l3  that  of  the  snallost  string  of  casing  or  linor 
pipe  used,  in  the.  WG  1.1,.,  '.■   '•   ''^-  -■  '■  ■ 

8)  Approxiif'.a to  Surface^ Ele va:ti;o.ng^->liI-h.e- ---figures  for 
olevati-on-of  "the  ■ground  surface  of  tho  well  .wore 
taken  from  tho  s ouroo  material -wlien' glvon  or  wore 
03 fixated,  from  Gxisting  topographic  na'p$;i;'f "neod- 
od  In 'contioction  with  tho  present  studies ,',',.'Thoy 
ca.'hhbt  hfj  considered  accurate  within  plus  br  minus 
five  foot  and  in  a  ^fow  cases  tho  discrepancies  nay 

■  he-  much,  g]?Gator.   ■:,  .:.'.;  v.v  ,;-_^ 

9)  Depth  tb'. Bottom  of  :Wpll.,  The  depth  ls'-6he-;ftieaEiurQd 
distance  "froK  the  s^irface  or  a  point  -of  rofe.i'enco 
not  far- above  tho  sjirface  to  tho  bottdm'of 'tlie 
drilled "■woll.   Ownoirs  and  v;ell  drillors  coraji'ionly 
call  the  depth  the  distance  to  the  bottom;  o'f  the 
vroll  screen.'  Thesc-minor  d is crepanc^o'3'- in  'depths 
of  ten  appear  in  the  ,  cAlf  f  eront  sources  of  •informa- 
tion,' 

10)  Depth  to  Bottom  of  Gislng.   This  is  taken  as  the 
dopl:;h  to  tho  top  of  the  uppermos  t; -scr^O'en 'sct  ,in 
the  v.rell,,  -  -■■•■"■  ,  -''■■' 

1 1 )  Depth-  1 6  Main  Supply,,  l/l/he r o  p o s s lb  1  o  depi ths '■■to  b o th 
top  .and~lDpttqn  of  each  aquifer  have  been'  g-i'vcn.  A 
fovv'-dep-t'hs-'' to  supply.,  may  be  to  the  top-of'-the  a- 
qulf  e-rs-''rat;h'e'r  than  .to  the  bottom  be causo^  drillers 
froquenttL:/-' report  depths  to  the  point  'Where  ■  am ter 
is  ■fli'>st  encountered,,  ■ 

12)  Dep th  ■  to  'Subordinate "  Supply .  Same  as  for-.- depth  to 
m.aln  supply^ 

13)  Depth  to'-Bottbm  of  Pqtomac  Formation.   This  is  •  the 
depth  to  th^:.-  crystalline  basement  rocki  ■■ 

14)  Date  Drilled.-'  So  far  as  is  known  these  are;  tho 
,,-datus  .the  v/o'lls  were 'drilled  but  old  wells  -are  ' 

..-sometimes  ■doepened  or  rebuilt  so  some  of  the  dates 
.   given  may  actually  apply  to  t he  time  changes  were 
.made. 

15)  Original  Sttitic  Head  J.n   Feet  from  Surface-.   Data 
are  supxjosed  ti;  be  the  original  static  head  at  ' 
time  of  drilling  unless  otherwise  indicated.  How- 
ever, much  of  the  information  .taken  .frorl  Darton's 
report  and-  the  report  ■of  'the"  Maryland  Geological 
Survey  may  actvially  apply  to  t  he  time  these  early 
surveys  were  m.ade, 

1^)  Static  Head  1940-1943.  Static  heads  measured  by 
various  workers  during  r^-ce.nt  investigations. 
They  are  the  latest  data  collected,   Thu  ma.gnl- 
tudes  indicate  the  general  artesian  pressure 
conditions  throughout  tho  area  when  most  of  tho 
other  active  wells  are  in  operatio.u.  The  static 
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lovoxa  aro  all  downward  fron  the  surface 
unless  specifically  labeled  plus. 

17^  OrlpjlnalYlol'd  in.  Gallons  per  Minute.    Only 
approximate  data  aro  available  and  a  good  many 
values  represent  deliveries  undor  special  tost 
conditions  rather  than  operating  rates.  Some 
.of  the 'yields   figures  s.re..nq   doubt. .little  bet- 

-  ■■  ter  than  rough  guesses.   Yield, '.data  are  supposed 
to  be  original  unless  ctherv;lso  stated  but  may 
actually  apply  to  the  time  early  surveys  were  made, 

18 ) ■  1940-1-942  Yield  in  Gallons-,  per .  .Minute  .    Latest 
data  available.  Accuracy  sam.e  as  for  original 
yields'.    ■  '         .  ■       .  .■ 

19)  In  Use  1942.   Only  those  checlced  that  are  actually 

known  to  be  in  use. 

20)  Abandoned  by  .1942.   Only  those  that  are  knownto  be 
abandoned  are  checked.  Presumably  practically  all 
the-  wells  not  known  to  be  In  use  have  been  abandoned. 

'•  ■  There  are  some  wells,  hov/ever,  whose.,  use  has  been 
discontinued  but  which  could  easily  be  hooked  up 
Or  repaired  and  used  a:;aln.   It  Is. difficult  to 
.  knov;  vi-'hether  or  not  to ;  designate  these  as  aban- 
doned.  The  policy  followed  was  to  check  wells ^as 

■"■    abandoned  only  when  there  vifas.  almost. n.o  possibility 
of  their  ever  being  put  in  .condition  for  further 
use*  .  ■     ,       .' 

21)  Lot:?:  Available.   Logs  for  all  wells  chocked  in  the 
log  available  column  have  been  included  in  this 
report  in  a  separate  table  qf  logs.   They  are  ar- 
ranged'' alphabcticAlly  by  o^/rners- -and, cross-referenc- 
ed to  the  sheet  and  line  number  of  the  main  list. 
The  11-^ t  of  logs  is  complete'  as  far  as  reports 
and  public  records-  are  concerned,  and  is  believed 
to  bo  a  fairly  complete  listing  of  logs  available 
in  well  owners'  files.   The  only  unused  sources 
that  may  contain  considerable  additional  informa- 
tion on  well  logs  aro  "the  files  of  v>rell  drilling 
companies  that  have  operated  in  the  area. 

32)  Record  Sheet  Prepared   This  column  is  checked  when 
a  special  survey  record  sheet  has-  been  prepared 
for  the  well.   Since  these  record  sheets  have  al- 
ready been  copied  and  .are,  now  being  used  in  connec- 
tion with  the  cooperative  study  and  as  the  most 
important  information  appears  in  the  tabular  list, 
they  aro  not  reproduced  hero.   Thoy  may  be  found 
with  the  supporting  data. 
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23)   Geologic  Horizon.   Tho  following  key  is  used: 
Q  ■  Flo is to echo 


Kpa-  Pa.tGps-«;0  ;■; 

Ka  '  Arundel 
Kpx'  Patuxont  - 


( 
( 


'    ( 


Lower 
GrGtaooous 


Pot-omac  Group   includes.  { 
the  abbyo, throe 

Crystalline  Rocks. 


'  The  geologic  horizon  _has,  been'.'Stated  only 
when  the  information  has  appeared ,  in  earlier:., 
-reports.   The  horizons  Indxcat'e'd'ai^e'hp't  h'ec- 
'essarily  to  he  considered,  corrept.   No  attempt 
•was  made  to  Indicate  geologic  horizons  whejn  they 
were 'not  stated  .elsewhere"  because-  it  is  not  felt 
■that  the  stratigraphy. is  sufficiently  well  worked 
■out  to-  justify  naming  the.  ago  of  the  various  aqui- 
fers virhich  appear  at.,  different  depths.,  throughout 
the"  area, '       "  '   ',  '  . 


-24)'  -Charactor  of  Water.   This  is  stated  when,  infor- 
mation is  available.   Many  analyses  of  v;ell;  water 
-  quality  have  beisn  made  by  the  Vef>y.' large  indus- 
trial users.  A  largo  amount  of  this  information 
■  was  collOctod  and.  appears  in   the  supporting  data, 
'  -'  It  is  not  reproduced  hero  because  of  its  volume 
and  bec.ri.usc  the  data  collected  represented  only 
■  a  part  of  total  that  is. available  in  the  files 
of  the  various  industries,  .Typical  analyses  are 
presented  and  discussed  on  page  67, 

25)  Tho  Driller.   The  well  driller  is  stated  only 
vjhon  definitely  known.   It  may,  however,  bo  as- 
sumed that  since   about  1900  the  Shannahan  Ar- 
te£?lan  Vifell  Company  has  drilled  practically  all 
bf  the  wells  for  tho  large  coitipahios  who  have 
some  v/ells  listed  as  1-cnovm  to  have  boon  drilled 
by  Shannahan . 

26)  Sources  of  Information, 


ly  on 
refer 
112, 


pages  16  Lnd  17. 
to  tho  key  given 


Those  are  discussed  ful- 
The  reference  letters 
in  Table  XVI,  page  m  and 
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27)  Remarks .   Theso  Include  special  information, 
cross-roforoncing  notes,  etc.   If  the  line  of 
information  covers  more  than  one  well  this  is 
so  stated,  in  the  remarks.   Some  lines  in  the 
list  apply  to  old  groups  which  contained  as 
many  as  twenty  wells. 

On  the  Maryland  Geological  Survey  cards  thero 
frequently  appear  numbers  after  the  sjnnbels 
ViT,  H,  and  3.   These  have  the  following  signifi- 
cance; 

W  =  Elevaibion  above  tide  o  f  the  top  of  the 

well 
H  =  Static  head  above  tide 

B  =  Bottom  of  well  above  tide. 

Theso   numbers   are   reproduced   in   the  remarks 
column   of    the    List   of  Wells    in   the  Baltiracxrre 
Area, 
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AEPENDIX  II 

..The. Location  Reference.  Table 


Table  XVIII   is  designed  to  acconpany  "ihe'  list  of  wells"  In  the 
Baltiraoro  Area.     The   owiets,  with  addresses  revised  to  the  new  street 
names,,  are  -arranged  according  to  the  hew  mile  square  location  system. 
The   table  includes   only  wells  lying  in   the  'coastal  plain  portion  of 
the  Baltimore  Area  and' 'the  mile  aquare  designations  are   arranged  be- 
ginning at' two  miles  aha  reading  from  left  to  right  across  the  map 
as  the  printed  page.     The   location  reference  table  was  prepared  to 
serve  in  the  ..continuing" study  for'  locating  all  the  wells  within  a 
particular  area  under  intensive  Inv.jstigotion*  .   ■• 


In  'Car lying  on 
wells  by  location  is 
the  3x3  successive 
cation  of   e'ach  well 
each  well  hnd  filed 
the  location  -system- 
several  mile  squares 
owner  frequently  do 


fleld'vfork  and  general  studies,    the  selection'of 
an-  indispensable  procedure.     Ultimately,  when 
broa.kdoWn  numbers  shw/ing  specifically  the  lo- 
hove  been  worked  out,    cards  should  be  made  up  for 
according  to  location.     The-  only' difficulty  vflth 
of  filing  is  that  many  companies  have  vrells  in 
and  thus  oil   the  v/ells  belonging,  to  a  single 
not  appear  together.  ' 


TABLE  XVIII 

LOCATI0^T  REFIIffiNCE  TABIJE  .. 

ShOT/ing  Ovmers  having  VJells  in' 
.Each  Mile  Square 


Owner 


Address 


No.    of 

Wells 


2N2E 


Van  Der  Horst  Brev;.  Co. 

2K3E 

Brehms  Brewery 

2N7E 

Eyring,  J.  F.  • 

IKIIT 

Gay  &  North 


Bclair  Road 


Baltimore',  Md. 


Stafford  Hotel 
vrestern  Marj'-land  Dairy 

Belved'ere  Hotel 

Branzinger 

Polytechnic  High  School 


INIE 


1N2E 


American  Brevjery 

(Formerly  Weissners  Brewery) 


Madison  &  Charles 
Linden  &  Dolphin 

Charles  &  Chase 
Oliver  &  Dallas 
Guilford  &  Forth 

Gay  &  Lanvale 


1 
2 
1 


1 
1 

1 
1 
1 
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TABLE  X7III 


(ContinuGd) 


Ownfer 


Address 


No.    of 
V/ells 


1N'2E 


Bauemychraidt  Brejviery  ; 
Herring, .    -  _,..■■ 

Novak         ...  ,     .    ■ 

■StandaEd  ..Browing  C,o.- 

Eastorn  Rolling  Mill  Co. 

Essex  Laimdry  '  .  ■  ■  ■ 


;' 

Gay  &  Federal  . 

2 

Duncan  &  McElderry 

1 

VJashingtori  &  McElderry 

1 

Gay.  &•  Lafayette 

1 

11T6E 

R.olling  Mill  Road  -• 

15 

ims 

Eastern  Avenue,   Essex 

1 

1S5VJ 

* 

2601  yj.  Franklin  St. 

1 

47  S.  Catherine  St. 

1 

Frederick  Road 

1 

1S2W 

Franklin  &  Pulaski 

2 

Pratt  &  Frederick 

1 
2 

1 

2140  Ednondson  Ave. 

ISIW 

■Pratt  &  Eutaw 

1 

Schroeder  &  Baltiiioire 

2 

426  S.  Eutav; 

21 

409-11  \'U  Conway  St.) 

1 

409-11  F.   Conway  St.) 

Hanovpr  &  Cbnway 

1 

534 -W.  Lexington    , 

1 

Park  &  Saratoga  St. 

1 

Pratt  &  Howard 

4 

Eutaw  &  Candcn 

1 

Charles  &  Center 

1 

IvSlE 

■  Baitinore  ^  South 

1 

Central  &  Gough 

1 

Hillen  &  Forrest 

1 

Canton  ''^c  Central 

8 

Frederick  nr.  Balto.   St. 

6 

Hillen  ^  Forrest 

1 

President  &  Fleet 

S 

President  &  Stiles 

3 

•Central  &  Park 

12 

Calvert  £c  Baitinore 

1 

Foot   of  Sriith's  VJharf 

3 

Calve i*^  nr.  Center 

1 

Pleasant  &  North 

1 

Vrestport 

1 

112  South  St. 

1 

Boston  &  Concord 

2 

Balto.  Butchers'   Abatoir 
Superfine  Ice  Creai:i  Co. 
Wilkins  Hair  Factory    .• 

Anarican  Ice  Co. 
Baitinore  Brewing  Co, 
Lipp  Soap  Works 
V7ard  Packing  Co. 


Amour  &  Co. 

Anerican  Ice  Co. 

Balto,  Heating  &  Refrig, 

Cold  Storage  Co. 

ConS,  Gas  &Elec,  Co.- 

Globe  Brewing"  Co. 

Kocster's  Bakery  . 

St.  Alphonsus' Church 

Sharp  &  Dohiie 

Swift  &  Go. 

Vlalters  Art  Gallery  ' 

Anerican  Building   ■ 
Barth'filonay  Brov/.   Co, 
Bauernschnidt  Brev/ory 
Bennett  Potteries 
Cooperative  Ic,e  Co, 
Darby  Candy  Co, 
Dukert  &  Co. 
Elner,  L.   &  Sons 
Elrier,  L.  &  Sons 
Etlerson  Hotel 
Flour  Mills 
Gunrdincr  Dairy  Co, 
KinghOT.:  Provision  Co. 
Kinghan  Provision  Co. 
Robins  Butter  Co. 
Wagner  &  Co. 


,Co, 
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TABLE  XVIII 


(ContiTiued) 


Owner 


Address 


No.  of 
Wells 


1S,2E 


Bohenian  Chinch 
Echels,  L.   &  Sons 
Gas  Works 

Gibbs. Preserving  Co. 
Ilelse  &  Bruns 
Langrall,  J.  &"'Bro.  . 
McCorriick  &  Sons 
Sheppard  Co. 
Sugar  Refinery 

Canton  Ice  Co. 
Consol.  Gas  &  Elec.   Co. 
Corisol.  Gas  &  Elec.  Co. 
Consol.  Gas  &  Elec.  Co. 
Frankfort  Distillery 
Gassmger  Bros. 
Gengnagel,  G.  W. 
Highlandtovm  Ice  Co.    . 

Kinball  &  Tyler  Co. 
Kurdlc,  Thos.   J. 
Monarch  Rubber  Co. 
Monunental  Bre^^^ing  Co. 
Pa.  Water  &  PovJer  Co. 
Rone  Co, 

Schludorberg  Packing  Co, 
Schluderberg-Kurdle 
Se  lli-iayer.  Pa  eking  .  Co . 
Steinor  Mantel  Vforks  . 
Stevrart  Distilling  Co, 
Water  Dcpartncnt- 
Weiskittbl  Foundry 
WillifXis  Veneer  Co, 


BerdeririSj  ■  Geo, 
Continental  Can  Co, 
Crovm  Cork  &  Seal  Co. 
P.   B.   &  W,  R.R. 
Weinke.  Airy  Co. 
Weiskittol,  A.  &  Sons 
Woiskittel,  A.   &  Sons 


1S3E 


1S4E 


Eastern  Ave.  &,Bethel 
Gough  Tir.  Broadway 
Eastern..  &  Patapsco  . 
Boston  &  Leakin  Sts. 
Caroline  &  Fleet 
2115^  Aliceanna  St. 
Pratt  &  Falls 
Eastern  &  Chester 
Foot  of  Chester  St. 

Highland  &;  Fleet 
Fait  Sc  Chesapeake 
Fait  nr.  Kenwood  ' 
Fayette  &  Kressori 
Fay  eft  a  ,&  Kresson 
Haven  ,&  FairKiont 
Gough  Tc  Conkling 
Highland  &  Canton 

(Fleet) 
261  S.  Haven  St.. 
Eaton  &  Eastern 
3522  Philadelphia.  Rd, 
Lonbard  oc  Eaton.  . 
3913  Philadelphia  Rd. 
Nr.  Haven  ic-Baltiribre 
Baltir,iorG.  oc  Conkling 
Baltir.ibre  ci  Eaton,  .. 
527  Conkling 
Fairfaount  &  Haven 
Eaton  ?c  Bank 
Highland  &  Canton . 
Lonbard  &  Haven 
Haven  &  Baltinore 
Eaton  &.  Baltiribre 

Eastern  &  Shell  Rd. 
Fayette  &  NewkirK 
Eastern  &' Kresson 
Bay  View  Junction 
Eastern  &  Quail 
4901  Phila'delphia'  Rd, 
4500  E.  Lonbard  St. 


1 
4 
1 
2 
1 
1. 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 


1 
2 
1 
3 
1 
1 
3 
5 
1 
1 
1 
1 
1 
2 
1 

1 

1 
9 
1 

1 
1 
1 
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TABLE  5CVIII 


(Continued) 


Owjict 


Addrbss 


No.    of 
VJclls 


Baltimore  City 

Baltimore  Distilling  Co« 
Baltliaore  Pearl  Hctniny 
Baltimore  TuTje  Co. 
Ellicott  Machine  Corp* 
Hilgartn^P  &  Sons       . 
Hannis  Distillery  Co. 
Ifaryland  Gheinical  Co. 

Spring  Garden  Brewing  Co* 


2S15; 


American  Ico  Co. 
Baltimore  City  Public  Yrell 
Baltiiaore  City  Public  Well 
Baltimore  Dry  Dock. 
Beachen  &  Bros,,  -  ■  .■    . 
Buck  Glass  Co.  . 
Chesapeake  Paper  Board  Co. 

Ghrcme  V/orks 

Gail  Fc  Ax 

Harar.iOnd  Ice  Co.  -     ■      . 

Jones  Paper  Mill 

Knickerbocker  Ice  Coi 

Knoz  Net  &  T;vinc  Co.' 

Kriol  Packing  Co. 

Maltby  Estate 

Moors  &  Brady" 

Natl.  Enafieling  ^c  Stainping  Co. 

Nurisen  Can  Co. 

Nuascn,  Vfn.   &  Sons 

Piedriont  £c  Mt.   Airy  Guano 

Piatt  Corp. 

Skinners  Shipyards 

Smith  Distillery 

Torsch  Caniiirig  Co. 

Torsch  Packing  Co. 

V/oodall,  Wn.  E.    "c  Co. 


2S2E 


American  Ice  Co. 

American  Sugar  Refining  Co, 

Baltimore  City  Public  ITell 


Back  River  Sev/age  Plant  1 

Russell  &  Carey  ■   '  4 

Ft,  of  Sharp  &  Howard  8 

ISOl  Wicomico  4 

1611  Bush  ? 

Ostend  &  Sharp'  1 

Ostend  &  Warner  3 

Bayard,  1  blk.  E.  of  1 

Russell 

Rifigely  Ave.  nr.  1 

ij  &  0  R.R. 


Hughes'  &  Henry            '  . 

1 

Central  &  Eastern 

1 

Aliceanna  St,  &  W.  Falls 

1 

Foot  of  West  St. 

1 

Foot  of  Vfarren  St. 

1 

Lavn-ence  &  Fort 

2 

VJoodall  fc  Fort                      ), 

9 

Key  Highway  &  B  &  0  R.R.) 

1348  Block  St, 

1 

Charles  nr.  Barre 

1 

Foot  of  Block  St. 

1 

Federal  Hill 

1 

York  &  TJilliaias 

8 

Johnson  &  Barney 

2 

9-17  Henrietta  Ave, 

4 

Block  &  Albermarlc 

1 

Foot  of  Montgomery 

1 

Light -aVfc lis 

2 

Jackson  &  West 

1 

Jackson  <^  West 

3 

Foot  of  Woodall 

1 

Key  Highway  £c  Boyle 

1 

Foot  of  West  St. 

1 
1 

1 

1501  Russell 

Lav/rence  k  Clement 

1 

Mariott  5c  Allen  St. 

1 

Aliceanna  &  ¥/est  Falls 

1 

Foot  of  Fall  St. 

1 

Wolfe  k  Falls  Sts. 

14 

Foot  of  Woodall 

1 

Ann  nr.  Lancaster 

1 

or  2 
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TABLE  XVIII 


(Continued) 


Ovtnov 


Address 


No.    of 
Wells 


2S2E 


Baltiraoro  City  Public  Vj'ells 

B  &  0  R.R.   Co. 

Booth  Pocking  Cv.    ,     ■ 

Boyle,    John  fc  Co. 

Canton  Box  Cc. 

Dixon 

Ehrr.:ian,  Lewis 

Farren  £i  Co". 

Ferry  Landing 

Grebb,  Lcuis 

lee'l'Iorks 

Iron  Vforks  -        .  ■     ' 

Laucr  &  Sutor 

McCrath,  H.   J.    ' 

Miller  Bros.   &  Co. 

Norton  Tin  Co. 

Ober,  G.  <ft  Sons 

Schall  Packing  Co. 

Tyler,  G.  C. 

Vrin'ebrenner  Bros . 

Young,    J.   S.   ^c  Co'.   ;    ■ 


Balto.   Copper  TJ or ks  Co. 

Balto.  Snelting  &  Refining  Co. 

Canton  Distilleries  . 

Canton  Iron  &  Steel  Co. 

Canton  Povjer  House  Co. 

Chiprian  cc  Sons 

Chipnan  &  Sons 

Copper' TForks  Co. 

Davison  Acid  Works 

Davison  Cheiiic.al  Works 

Electric  Ref.  Co. 

Fait  &  Slagles 

Fait  &  Slagles  . 

Griffith  &  Boyd 

Gunther  Brewing  Co. 

G.B.S.   Brev/ing  Co. 

Gunther  Brev/ing  Co. 

McGrath,   H.    J. 

Monumental  Distilling  Co. 

National  BrevJing  Co. 

Northern  Central  R.R., 

Northern  Central  R.R. 


I'Jolfe  'nr.  Lancaster 

1 

Pier  8,  Locust  Point 

1 

Wolfe  &  Lancaster 

2 

Yfolf  6  L  Thanes 

1 

2512 "Boston  St. 

1 

Wolfe  Ic  Lancaster 

1 

1032-34  Haubert 

1 

Boston  «  Hudson 

1 

Locust  Point 

1 

2357  Boston  St. 

1 

Wolfe  fc  Fells  St. 

2 

Broadway  &  Thanes 

1 

Block  &  Caroline 

2 

Feot  of  Lakev/pcd  Ave. 

1 

901  irolfe  St. 

1 

Boston  &  Luzerne  St s. 

5 

Foot  of  Hill  St. 

2 

Atlantic  Wharf  Boston-  St. 

1 

Boston  &  Luzerne  St. 

2 

Wolfe  &  Thanes        " 

1 

27D1  Boston  St. 

4 

LanCastel"  &  Caroline' •.■■  . 

1 

■-2S2E 

Orient  Distilling  Co. 
Standard  Oil  Co. 


Highland"  fc  Dtmville  8 

Eastbourne  &  Dean  5 

Clington  &  T^astboume  3 

Eastbourne  &  Baylis  2 

Holabird  &  Janney  Sts.  1 

Patapsco  &  Boston  1 

Lakewood  &  Boston  1 

Clinton  &  Conkling  3 

Cardiff  &  Haven              ,, ,  1 

Danville"  &  Haven    '  1 

Eastbourne  &  Haven  5 

Foot  'of  Streeper  St,  2 

Boston  op.  Patuxent  St.  3 

Clinton  &  Holabird  2 

Toone  £c  Conkling    '  1 

0' Done 11  &  Conkling  2 

O'Donnell  &  Conkling  5 

Foot  of  Lakewood  Ave.  2 

O'Donnell  St.  2 

O'Donnell  &  Conkling  3 

Holabird  &  Janney  1 

Clinton,    1  blk.   S.   of  2 

Holabird 

Danville  &  Highland  3 

Boston  &  Haven  14 
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TABLE  }:VTII                  (Continued) 

No,   of 

Cz/ncr 

Address 

Wells 

53435 

Gonx)  Hoi?  bird 

Kolnbird  Ave . - 

7 

Northern  Central  R-R.,.. 

1  blk,  ¥,   of  ft.   of  Newkirk  ""l' 

Wfistern  Electric  Co. 

■Colgate  Greek  .    

•  2. 

■        .           ;•  3S5E- 

ClienicBl  &  Pigment  Go.    . 

6401  St,  Helena  Ave* 

■.:      .6 

Federal  Distilling' Co. 

Colgate  Creak 

9 

FedcrRl  Yeast  Co, 

Colgate  Creek     -    ' 

8 

Frankfort  Distillery  . 

Dundalk             •         '    • 

1 

FernsHorf  Brown 

Colgate  Creek       - 

■    5 

Mc Shanes  Foundry- 

Dundalk  Foundry 

■1 

St.  Helena 

'  - .  ■ 

:     1 

.Distillery 

Colgate  Creek          • 

2 

3S6E 

Baltinore  Pure  Rye  Dist,  Co.' 

Srllers  Pt,  Rd.  Dundalk    : 

2 

4S1E 

Arundel  Corp. 

Brooklyn 

,'.1  or  2 

Floods  Park 

Curtis  Bay           •  ■    - 

1 

Light  Sf.  Bridge    ■           -    ;     ■ 

* 

,1 

:  ,       4S2E 

.    ■     ■ 

- 

Globe  Shipbuilding  &    -       . '  .• 

Fairfield     " 

.     1 

Drydoek  Co.'    ■'--. 

'     '■■■•  '■  '-':-       ,         ■    . 

Maryland  Dry  Dock  Co. 

Fairfield                -  '-■    •  ■.    ,  •. 

2 

.    ■        •■                        4S3E 

'      "■  ^     ■    .".  ^-  -■•■'':■  . 

Arundel  Shipbuilding 

Fairfield  *     ■        •■■     ^\    ,  .-. 

.;•     1 

BeTJhlohen  Fairfield  Shipbuilding 

Fairfield 

1 

Monur.lc-ital  Acid  forks 

SeavTall,  Fairfield 

1 

Rasin  Fort.   '               '■'■■       ,. 

Fairfield            "•         -    .    . 

3 

Rcyster  Guano  Co, 

Fairfield        '  "  '-'            ,  .  .; 

1 

Union  Shipbuilding  Cc, 

Fairfield 

1 

4S7E 

Chestenvood  Escursioft  Grounds 

Bear  Creek 

.     1 

5S2E 

Brooklyn  Chen,  IJorks         -    .. 

9  and  Chart'  Ave, 

1 

Curtis  Bay  Light  &  Wafer- Co, 

S.  Baltiiiore          :■  , 

21 

5S3E 

Baltiridrc  Chrais  ^I^orks  ,  . 
Con"6inental  Oil  Go. 
■Interocean  Oil'  Co, 
Moxicari  Pot,  Co, 

Pan  Anerican  Refining  Co,- 
Stockbridge,  Judge  ' 
Texas  Oil  Co.- 
U.  S.  Asphalt  Ref,  Cc,  ■ 
U.  S.  Ind.  Chen.  CO. 


Seawall,  Fairfield;..  ,-  :  -  2 

Fairfield  Rd.   '  i:.   .-  13 

E.  Brooklyn  2 

(E.  Brooklyn  -'        ;  -,  1 
(Southport  iTt  Highland  Ave. 

E.  Broclrlyn  '  -    .■,.-.  4 

Wagner  Point'   '  .  •.     -  1 

E,  Brocklyn  -            .  1 

t.   Brocklyn  5 

Fairfield         .....  17 
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TABLE  XVTII 


(Continued) 


Ov/ner 


Address 


No.   of 
Vie  lis 


Tunis  Lumber  Co. 
Young,   J.  S.   &  Co, 


2S«!; 


Amer,  Radiator  k.  Standard 

Sanitary  Corp. 
Mari/land  Pure  Rye  Distillery 
Standard  Dist.  Products  Co. 

Camp  Holabird 


2851': 


Foot   of  Konwood  Ave. 
2701  Boston  St. 
Clinton  &  Danville  Ave. 
Highland  &. Danville  Ave, 
Holabird'  Ave. 
Eastboui'ne  &  Eaton  St» 

Holabird  &  Quail  St. 

O^Donnell  &  Kresson 
O'Dornell  £•:  Kresson 

Solabird  Ave. 


1 
3 
8 
3 
1 
5 


4 

3 


5S2W 
Maryland  Glass  Corp. 
Baltimore  Enamel  &  Novelty  Co. 

5S1W 
Carr-LoTn?y  Glass  Co. 
Consol.   Gas  &  Elec.   Co. 
Klein's  Park 
Thompson  Chemical  Co. 
Vrestem  Maryland  R.R. 


B  &  0  R.R. 

Chesapeake  Glass  Co. 
Cons.  Gas  &  Elec.  Co. 
Horner  &  Co. 
vmitG  Sc  Middleton 

Baltimore  Dry  Dock  Co. 
Fort  McHenry 
Skinners  Shipyards 
U.  3.  Government 
lilarrcn  Mfg.      .  ' 


3S1E 


3S2E 


3S3E 


Amer.  Agri.  fc  Chem.  Co, 

Araerican  Chemical  Co. 

Baltimore  Guano  Co. 

Baugh  Ghcnical  Co. 

Lazaretto  Fert,  Co. 

Maryland  Fort.  Co. 

Northern'  Central  R.R. 

Sanf ord  &  Brooks 

Stickncy  Iron  Co. 

Susquehanna  Fert.  Co. 

U.  S.  Government  Lazaretto,  L.H. 


Mt.  Winans,  Md,  X 

Ontario  &  B.&  0  R.R.  X 

VJenburn  So  Cedley  3 

McComas  nr.  Waterfront  1 

Westport  • X 

TJindsor  Pimping  Station  X 

Wcstport  Puraping  Station  X 

Riverside  Shops  4 

Foot  of  E.  Winder  St.  5 

Gould  £;  Winder  X 

Covington  &  Donaldson  X 

Charles  &  Tiinder  St .  X 

Adj.  Ft,  ircHonry     '  2 

Locust  Point  X 

Ft.'McHonry  1 

Ft.  McHeniy  1 

Nr.  Ft,  McHenry  X 

Foot  &  Clinton  St.  2 

Clinton  &  Leland  X 

Clinton  &  Keith  Ave.  4 

Clinton  &VJerten.  2 

Clinton  &  Janney  St.  X' 

Clinton  &  Kresson  3 

S.  of  Holabird  Ave.  2 

Highland  Cz  Mortons  X 

Clinton  &  Mortens  3 

Highland  &  Keith  X 

Lazaretto  Point  2 
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T/iBIE  XVIII 


(Continued) 


Owner 


Address 


5S3E 


TiTagner,  Mnrtin  Co.' 
¥ag:ners  Poi-n-t 

Alurainiffii  Ore  Co.  •. 
Ba It inore  Transit  Co. 
Bartlutt  Fc  Hajrv\rard        ' 
Cons.   Gas  a.  j~;iec,  Co. 

Bethlelion'stuol  Go,  T^ire  Hill' 
United  Railways  PoiTerhousc 


536E 


5S7E 


Fairfield 
Fairfield       .... 

Tiirners  Station 
Sollers)  Bear 'Creek, 
Tumors  Station 
Sollcrs  Station 

Spr.rrovjs  Point 
Boar  Crook 


6SSE 


B  &"  0  P.R. 

Standard  ITholesale  Phosphate 

Su;^ir  Kef  ingry 

U.  S.  Ind.  Alcohol  Co. 

Walton,  'Chas.  K.  ct  Co. 


6S3E 


B  oc  0  n.H. 

Davison  Chemical  Co. 

6S4E 

U.  S.  O.uarantino  Depot 

6S6E 

Fort  Carroll 

Bethlehem  Steel  Co. 

6S7E 

6S8E 

Bothlehem  Steel  Co. 


Cool  Pier,  Curtis  Bay- 
Curtis  Av6,  L  Aspin  ■ 
Curtis  Bay 
Curtis  Bay 
Cabin  Ei'Dnch.  C.B. 

Old  Pier,  Curtis  Bay 
Curtis  Bay 

Brooklyn 

Patapsco  River 

Sparrovjs  Point'  ; 

Six-.rrows  Point 


Artiour  Fert.   Co. 

U.   o.    Ordinance. Der.'Ot    -■ 

U.   3.   Coast  Guard 

U.   S.  Revenue  Cutter  Sta, 

Davison  Chen.   Co, 
Fort  Armlstead 
Havfkins  Point  - 

BothlchoDi  Steel  Co. 


7S2E 


7S3E 


7S5E 


7S7E 


Curtis  Bay 
Curtis  Bay 

Curtis  Bay 
Arundel  Cove,  Md, 

Curtis  Bay 
Hawkins  Point  ■ 


Sparrows  Point 


fTo.  of 
Wells 


4 
1 

1 
8 
2 

1 

10 

1 


3 

6 

2 

28 

4 

1 
8 


68 
61 


2 
7 

2 
2 

2 

1 
1 

39 


U.  S.  Ordinance  Depot 


8S2E 
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appeintdik.  hi 

VJELL  I.0G3  ' 

■ ■  ■    :.The  94  well  logs  presented  here  are  arranged  alphabetically 
aceording  to  owners  and  are   cross-referonced  to  the  sheet  and  lino 
nuraher  in  the  list  of  wellB  in  the  Baltimore  Area.  •' 

The  source  of  logs  and  their  significance  are  discussed  on 
page  29. 


I 
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SHEET  NO.  2  LIHS  NO.  1 

American  Radiator  &  Standard  Sanitary  Corporation 
5315  Ho  l^i^ii'"i  Avonue 

Well  No.  1  Size:   12  in.    Depth:  279  ft.      ,  EIgt.  :  E7.5  ft. 
Driller:  Guar.  Water  Eng'g  Go.  (Ssnford)         Drilled:  1926 

12£L 


0-12'  "  Sandy  loron  .  „, 

30  Sand  and  gravel 

55  Sandy  clay 

35  Various  eolorad  sandy  clays,  (rod,  yellow,  brown) 

95  Clay,  brovm.,  with  sand 

110  Clay,  red  and  ycO.lavj  mixed  with  sand 

136  Clay,  yollov;  end  brcwn  vfith  varying  amounts  of  sand 

142  Sand,  brKni  with  fioiiie  clay 

154  Stind,  coarse,  yallow 

157  Sand,  coarse,  with  gravel 

160  Sand,  bror-m 

169  Sand  and  gravel,  coarse,  yellov/ 

175  Sand,  coarse,  v;hite 

178  Sand  and  gravel,  coarse 

183  Sand,  reddish  vri.th  some  clay 

186  Clay,  deep  red 

190  Clay,  light  red 

195  Clay,  gray 

205  Clay,  slate  gray 

225  Clay,  ;/ellow  and  brown  ^^rith  little  sand 

229  Clay,  hard,  reddish  with  sand 

232  Sand, and  gravel,  coarse,  yellow 

240  Gravel,  coarse  with  vjater 

246  Gravel,  coarse  with  sand 

257  Sand  and  {?:ravcl,  coarse  white 

267  Sand  clay,  fine 

279  Clay,  brwm  imd  yellow,  hard 

279  3a2.timore  Gneiss 
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SHEET  NO.  2  LIME  NO.  2 


American  Sugar  Refining  Company- 
Key  Highway  and  Foot  of  V^oodall  Street 


Well'  No. 

Size:'         Depth:  195  ft,  • 

Elev.V 

Driller:'  ■ 

Drilled: 

Lor 

0-15' 

Water 

28 

Mud 

36 

Fine  and  coarse  sand 

4.6 

Hard  red  clay 

9^ 

Fine  hard  v/hite  sand 

155 

Coarse  sand  v/ith  some  rocks 

163 

Fine  quartz  gravel  and  some  rock 

190 

Rotten  rock 

195 

Shattered  rock 

- 

212 

Bed  rock  (pegmatite) 

-   204   - 


SHEET  NO.    4  LPIE  NO.   12 

B  &  0  R.R, 

Coal  Piers,  Curtis  Bay  '       •         .         -  .  '  --•.: 

Well  No.         .Size:     10  in.  Deptli:     ol5  ft,  EIcy.:     12  ft, 

Drillor:     ■■.,,;  •    .  DlrillGd:   12/23/20 

Surface  El     12' 


SECTION 

0-12' 

Yellov;  Clay 

14 

G-ravcl 

15 

Clay 

20 

Gravel 

38 

Coarse  eanl. 

39 

Fins  sand 

44.5 

Clay 

53 

Coarse  snncl 

(no  water) 

67 

Clay 

80 

Conrss  sand 

(no  water) 

84 

Clny 

123,5 

Coarse  sand 

-  water 

125 

Boulders 

129 

Clay 

139 

Coarse  sand, 

water? 

145 

Clay 

148 

Hard  rock 

185 

Hard  rod  clay 

188 

Coarse  sand, 

water? 

191 

Red  clay 

197 

Clay,  water? 

204 

Clay 

244 

Coarse  sand. 

water 

261 

Clay 

271 

Coarse  sand, 

wat  er? 

276 

Clay 

295 

Coarse  sand. 

water? 

298 

Clay 

310 

Coarse  sand, 

water? 

315 

Tough  red  clay 
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SHEET  NO.  4  LINE  NO.  14   ' 

B  &  0  P-.R.  . 

Kiverside  Shops  (1000'  W. 'of  W.  Roundhouse  of  the'R.R.  yards) 

VJoll  No.  1  Size:  18  -  13  in*  Depth:  130  ft.     Elev. : 
Driller:  L.'^.yno  N.  ^.  Co.  Drillod:  ^1924 

Elevations  belov/  surfuco 


0-4' 

Cindors 

22 

Muddy  sand 

48 

Hard  rod  clay 

57 

Red  clay 

63 

Sandy  clay 

74 

Fine  white  Sfmd 

85 

Hard  clay 

94 

Muddy  sand 

100 

Fine  whito  sand 

125 

Red  clay 

132 

Muddy  sand 

148 

White  sand_  , 

179 

C;5ar«e  sand  and 

gravel 

.  .   ■  Hard  rock 

SHEET  NO. 

4  LINE  NO.  15 

B  fc  0.  R.R. 

Riverside  Shops  (1370«  W.  of  VJ.  Roundhouse  of  the  R.R.  yards) 

Well  No.     2       Sizo:      13  in.       Depth:    170ft.  Elev.: 

Driller:     Layno  N.  Y.   Co.  ...Drined:      1924 

Elevations  helovf  surface 


C-10' 

Red  clay 

14 

Brick                     ■  ■'■■ 

32 

Touf7,h  red  clay 

50 

Clay 

60 

Muddy  sand 

72 

Packed  sand 

83 

Muddy  sand 

105 

Tougla  red  clay 

116 

Muddy  sand 

125 

Tough  clay 

132 

Muddy  sand 

135 

Sand  and  gravel 

170 

I'Jnter  bearing  coarse  sand  and  gravel 

Hard  rock 

I 


-  206  - 


■  ■•"   ■  SHE5T  MO.  5  LIInIE  NO.  5 

Ealtiaoro  Refrigerating  and  Heating  Cc. 
Barre  &  J!:utav7  ■'  •   ■  -   '   - 


WgII'Nc.  20  wells 
Drillud:  Dovmin 


Size:   6  &  S  in. 


Pepth:  100  ov.  Elev.: 
.   -        t  -   Drilled: 


Average  Section 
O-IC        Sand 
45         Clay 
55         Gravfcl 
65         Clay 
99         Rock 


SI-nCET  NO.  0  hVM   NO.  7. 


Bay  Shore  Park 

Paiaphousc    (TJhited  Railv/ays  Go.)    (I'fest  Wall) 


Well  No. 

2   Sizo: 

Driller: 

Shaiinahcn 

0-74« 

River  deposits 

158 

Red  clay 

178 

Sand 

239 

White  sandy  clay 

274 

Red  clay 

313 

Yellow  and  brovm  clay 

434 

Sand  and  gravel 

490 

Red  clay 

504 

Sand 

512 

Sandy  clay 

650 

Tough  red  clay 

721 

Light  sandy  clay 

743 

Sand  vjater  be.aring 

Depth:    740  ft.     Elev.:      5  ft. 
Drilled:    1907 
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SHEET  NO.    5  LIIIE  NO..  6 


Bay  Shore  Park 
United  E.  R.R.   Go. 


Uoll  No. 

Size:                          Dep^ 

Drill or: , 

,  Shannahfm 

Log 

0-ll» 

Clay  brown  hard 

13 

Sand  brovm  soft 

140 

Clay  blue   soft 

147 

Grove  1 

196 

Sand  white  soft 

236 

Sand  vjhito  hard 

253 

Sand  ivhite   soft 

260 

Sandstone  red  hard 

298 

Clay  sticKy  ■  red  soft 

304 

Clay  brown  hard 

319 

Clay  white  hard 

333 

Sand  licht  brown  soft 

371 

Clay  red  hard 

401 

Sand  vrhite  soft 

401  ft. 


Elev.:   6  ft. 
Drilled:  1907 


RcmarkE 


The  clay  between  13'   and  140*   forras  in  a  cake  aiKl  cones  out. 
196-236  some    clay  v;ith  the   sand 
236-253  sorae  water 
260-298  clay  very  sticky 
304-319  some  wood  in   the  clay 
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SHEET  NO.  5  LINE  NO.  10 


Na?:  Baltimore  Transit  Go« 
UnitGd  R.R.  <i  Elec.  Co," 
Sellers  Station 


YJoil  No. 

Size:   6  in. 

Driller: 

Dov/nin 

Lo;--; 

0-19' 

Blue  clay 

21 

Sancl  and  gravel,  Sii 

2S 

Blue  clay 

92 

Red  clay 

105 

Fine  sand 

115 

Yollov;  clay  to  sand 

131 

Fine  white  sand  .■  •  • 

142 

Uhite  clay 

145 

TJliite  indurated  sand 

149 

TJhite  clay 

159 

White  sand  and  clay 

162 

Blue  clay 

195 

Red  clay 

199 

IJhite  clay 

201 

Red  sandy  clay 

203 

Red. sand  . 

234  • 

Gravel  and  sand 

260 

Blue  clay 

271 

Pink  clay 

282 

Bliie  clay 

264 

Red  indurated  sand 

287 

Rod  sand  v/ater 

Depth:      287  ft,         Elev.: 

Drilled:     Feb,  1903 


SiirfaCG  vrater. 


I 
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SIffiET  NO.    6  LDE  NO.    6 


Baugh  Chamical  Co, 
Clinton  and  Fortons 


Well  No. 

Size :     8 

in. 

Depth:   171  ft. 

ElcT.: 

Driller:     Shannahan 

Drilled:      1909 

Material 

Color 

Hardness 

Depth 

Filled  in 

0-14* 

.. 

Clay 

rod 

touf^h 

14-25' 

Clay 

drat)  ; 

tough 

33-55 

Clay- 

brovTii 

tough 

•  55-54 

Clay 

red 

tough 

■  64-88 

Clay 

red 

hnrd 

' 88-101 

Sandy  clay 

pink 

Yory  liard 

101-106 

Sand 

vjhito 

free 

106-125 

Streaks 

■ 

of  clay 

red 

hard 

.     125-1S7 

Sand 

white 

not  free 

'       127-133 

Sand 

white 

free 

133-146 

Clay 

red 

tough 

146-149     •, 

Clay 

red 

sandy 

149-158 

Sand 

white 

free 

157-166 

Sandy- clay 

red 

hard 

166-168 

Clay 

yellcvj- 

touch 
SHEET  NO. 

168-171 

LI^IE  NO. 

' 

■Bennett  Potteries 
Canton  &  Central  Avenue 


Well  No. 

Size:     8  in..                  Depth:   45-50  ft. 

Elev. : 

Driller: 

Drilled: 

LOfi 

0-20  ♦ 

Black  mud 

30 

YelloTJ-  lonri 

Gravel  full  of  water 

41 

Yellow  clay 

45 

Hard  "kaolin" 

50 

White  yellow  gravel  full   of  vxater 
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SHEET  NO.    7  LINE  NO.    1 


BethleliDiu  Steol  Company 
Sparrovra  Point,  Ivlnrj'"laad 


i 


YJgII  Nc,     Furnaco  Y/g11  at  Spray  Pond 
Drillcr:     Shannaiian  •  '    ■ 


Drilled:      1931-32 


FOR!-,I/'iTION: 

rORI/IATION: 

Clay 

8'-50 

Clay  streaks 

397^-417 

Snnd 

45 

Kcxrder 

-  ■■      453' 

5" 

Clay 

117' 

■  •■  S.nr.d 

455 

r    6.. 

Hard 

126 

•  ■-Hard 

478' 

Clay,  vrtaite  with. 

s breaks   of 

sand 

164' 

•    1" 

Hard  like 

484Ml"-485 

t    5-1 

Clay  £3treaks 

222' 

1    7" 

■       S.    StOIlQ 

Red  clay 

262 

•    8" 

■  Boulder 

485 

r    gir 

Sand 

290 

.  ■■  Soft 

486 

•    5" 

Strcoks  of   cl 

ay 

291 

6" 

Soft,   hard  streaks                 487 

1    3*, 

Sand 

293 

»   3" 

Boulder 

487 

r    8" 

Clay,  vjhitG 

294 

Softer 

.  ..488 

t    4" 

Sand 

295 

'6" 

•   Boulder     •. 

489 

Clay 

297 

1    5« 

-Soft 

.'       489 

.    8" 

Gravel 

299 

r    i-t 

Hard 

492 

Clay 

299 

'10" 

Soft               .    . 

493 

r    31T 

Gravel 

308 

Gravel 

.:,-.      498 

Clay 

312' 

•     Sand                  .    ■■ 

.506 

10'' 

Sand 

316' 

-    Gravel        ■    ,      ■ 

,      510 

2" 

Clay 

379' 

1" 

Clay 

515' 

2" 

Hard  place 

379' 

10"   •.; 

Sandy      "■  _    •    . 

515' 

8" 

Clay 

397' 

SHSE'f' 

San^  ,   free" 
NO.   10  LINE  NO.   3 

538 

»    4>» 

Bethlehem  Steel  Company 
Sparrovjs  Pcint ,  Mar^/land 


ITcll  No.     27  -  Coke  Ovens 
Driller:     Shannahan 


Drilled:     1917 


FOLIATION: 

FORMTION: 

Clay 

15'-  3G' 

Sand 

295' 

-308' 

Sand 

90» 

Clay                       ■     • 

434' 

Clay 

112' 

Sand      ;     •    ■ 

441' 

Sand 

196» 

Clay 

443' 

Sandy  clay 

223' 

Sand  water 

457' 

Red  clay 

252' 

Clay 

480' 

VJater  sand 

294' 

Sand 

482' 

Clay 

295' 

Clay 

Sand  and  gravel 

487' 
514' 
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SHEET  NO.  11  LINE  NO.  15 


Bcthlohen  Steel  Conpany 
Sparrwrs  Point,  Maryland 

T'Jell  No.  7  -  Hot  Strip  Well 
Drillor:   Shannahan 


Drilled:  1937 


EORI-IATION;  ' 
Clay 
Sandy 

Sand  &  gravel 
Clay 
Sand 
Snnd 
Clay 

Sand  &  Gravel 
Cl.ay 

Sand  &  gravel 
Clay- 
Free  sand 
Hard 


0»-  40' 

50» 
80' 
90' 
194' 
20g' 
207' 
-210' 
219' 
231' 


8," 
2" 
7" 


295' -208'  5"- 


Gravel  not  free  -303' 

only  in  streaks 

Sand  free  300 

Hard  310 

Free  sand  317'  4" 

Crust,  then  iroe  to  324 

Gravel  not  free  535'  6" 

Clay  345'  9" 

Sandy  347 

Clay  t354 

Hard  359 

Drifts  saae  362'  6" 

Hard  v/hite  clay  364 

Free  365 

Clay  369 

Free  371 

Free  sand  374 

Hard  clay   ,  370 

Free  sand  •  331'  6" 

Hard  crust  ■  382 

Sandy  clay  303 

Tough  clay  383'  9" 

Free  sand  304'  7" 

Tough  clay  395'  7" 

Softer  clay  406 

Sand  freo  407'  6" 


FQia/IATION:    ■  • 
Sandy  or 'soft  clay   407'  6"-408 

Hard  boulder  400 

Sandy  410 

Very  free  sand  412 

Sand  414 

Sandy  clay  416 

Clay  417 

Free  sand  410 

Sandy  419 

Clay  420 

Hard  rock  420 

Very  hard  rock  420 

Sandy  free  in  places  423 

Clay  424 

Sand  &  clay  426 

Free  sand  427 

Sandy  clay  _          427 

Free  sand  ".          420 

Sandy  clay  "          429 

Sand  free  &  clay  streaks     432 

Clay  434 

Sand  freo  435 

Clay  435 

Sandy  clay  438 

Sand  &  gravel  at  top 

free  in  places  440 
Sand  vory  free  scne  gravel   445 

Hard  rock  446 

Clay  449 

Hard  rock  450 

Sand  clay  .      457 

Hard  place  450 

Clay  tough  470 

Sandy  &  clay  streaks  '  480 

Hard  clay  503 

Softer  clay  506 

Hard  place  506 

Very  sandy  500 

Hard  &  sandy  places  520 

Hard  525 

Tight  sand  526 


6" 


6" 
5" 


3" 

5" 
6" 
5" 
6" 

6" 
10" 

6" 
4" 
6" 


6" 


6" 
6" 
4" 
8" 
2" 
10" 
3" 


6" 
6" 
6" 
0" 
8" 
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SHEET  NO.  11  LIKE  NO.  15 


Bethlehcn  Steel  Company 
Sparrows  Point,  Maryland 

TJell  No.  7  -  Hot  Strip  Well   (Continued) 


FOPIIATION; 

Tougii  yollow  clay 

Sandy  white   " 

Tough  "      " 

Sandy 

Reck 

Clay  red  hard 

Ooa'rse  free  sand 

Iford  red  clay 

Ti^iht  gravel 

Gravel,   free 

Tight  gravel 


525'.0"-532»         V/hite   clay  590'    6-«-591*    6" 

.     534'  ■       Tight  gravel-  593' 

547*          Sand  &  hard  597'   4" 

553'    9"  Clay  '     597' 11" 

..554'          Sand  &'hard  605'    6" 

570'    6"  Hard  clay  610'   2" 

580'    6"  Sand  &  hard  611'    6" 

503'    6"  Hard  red  clay  624' 10" 

535'   5"  Sandy  &  stone  '             625'   2" 

509'    6"  Clay  526'    6" 
590'   6"  Sand  free  &  gravel         '     629'    . 

SHEET  NO.   11  LINE  NO.   0 


Bethlehen  Steel  Conpany 
Sparrows  Point ,  Maryland 


Well  No.  0  -  Forty- Inch  Mill 
Driller:  Shannahan 


Drilled:  1929 


FOPIIATION: 

FaRJ,mTION: 

Clay 

150'- 

190 

Clay  streaks    440' 

2"  455' 

7" 

Sand  &  gravel 

ElO 

Iron  ore- 

456' 

Sandy  clay 

215 

Sand  streaks 

461' 

•Red  clay 

268 

'  6" 

Iron  ore,  hard 

461' 

4" 

Lead  color  clay 

205 

r  Q.f 

Hard  clay,  streaks 

Sandy 

295 

r  5.t 

of  sand' 

401' 

4" 

Clay  sandy 

312 

Iron  ore 

401' 

0" 

Clay,  harder 

327 

5" 

Sand  &  clay 

404' 

Harc'i  place 

323' 

Clay,  hard 

516* 

0" 

Red  clay 

367' 

11" 

Streaks  of  iron  ore, 

Boulder 

360' 

1" 

hard  boulder 

516': 

LC" 

Free  sand 

374' 

3" 

Softer 

520' 

Sandy  clay 

389' 

Sand,  free  in  places 

540' 

Sand 

331' 

Clay,  hard  . 

544' 

Clay 

391' 

6" 

Sand,  part  froc 

557' 

4" 

Sand 

394' 

Hard,  sand  strealcs 

562' 

3" 

Clay 

394' 

6" 

Hard  rod  clay 

563' 

4" 

Froc  sand 

421' 

Sand 

565' 

4" 

Sand 

422' 

4" 

Edge  of  boiildor,  red 

Clay 

■•424« 

4" 

Clay,  iron  ore 

500' 

Sand  streaks 

clay 

440' 

2" 

Boulder 

500' 

2" 

-   213  - 


SHEET  NO.   11  LBIE  NO.    G 


Bcthlehon  Stae  Ccxipany 
Sparrov;s  ?*oint ,  Marj'land 

Well  Ko.  0  -  Forty-Inch  Mill     (Continued) 


FOiTI.'LVTION: 

FOrJ';L4TI0N: 

Clay                            5eo» 

2"-59C»   0" 

Sand 

620 » 

7"-631» 

Sandy-drifts  free  in 

Clay 

632*10" 

places  with  wood 

616* 

Sand 

642 •10" 

Hard  clay 

620  ♦ 

Sand ,  free 

655» 

Sand  f3?eo  with  gravel 

622  • 

Gravel 

659' 

S^id  f  reo 

•     627'    7" 

?Jhite  clay 

660' 

Clay 

620*    7" 
SBEI^.T  NO. 

Hard  gravel 
11  LB'JE  NO.   IG 

567'    5" 

Bethlahen  Steal  Conpany 
Sparrov/s  Point,  Mary  lard 


Well  Nc.     Hail  Mill  Tfell 
Driller:       Shanrahan 


Drilled;   1937-38 


FOPiL\TION: 

FOFJI/.TION: 

Sui'face  nost 

ly           ^     C 

-  10' 

TcuGh  clc.y 

424' 

-  424' 

6" 

filled 

Seens  free 

435 » 

Lead  color  c 

lay 

30' 

Tough 

438' 

5" 

Sandy 

60 

'                Sandy 

457  ♦ 

Clay 

125' 

Clay 

462' 

Gravel 

140 

Sand 

465' 

Sandy 

185' 

Clay 

464' 

Clay 

205' 

Free 

466' 

Sandy 

225' 

Clay 

476 » 

Ht^rd  clay 

250 

'                Sandy  clay 

482' 

Rock 

251 

Sand,    seme 

wood , 

487' 

Hard  claj' 

280' 

some  gravel 

White  tough 

clay 

285' 

6"         Clay 

487' 

6" 

Frue  sand 

295' 

Free   ,sfind 

488' 

Free  gravel 

&  streaks 

301' 

Hard  clay 

439' 

of  clay 

Free  sand 

490' 

Hard  red  clay 

301' 

'    6"          Clay 

497' 

Tough  blue  c 

lay 

365' 

Sand,   sane 

gravel 

499* 

Rock 

565 

4"         Clay 

501' 

Clay 

380 

'    6"         Hard  clay 

502' 

6" 

Rock 

381 

Free  sand 

503' 

Softer  clay 

398 

Hard  clay 

516' 

6" 

Very  sandy 

415 

Rock 

517' 

Clay 

417 

'                Clay 

523' 

Sand 

419 

Free  sand 

424 
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SHEET  NO.   11  LIKE  NO,   18 


Bethlehem  Steel  Company 
Sparrwrs  Point,  Mary  lend 


Woll  No.     Rail  Mill 

Woll 

(Con 

tinued) - 

roPliATION: 

F0P11ATI0N: 

Saiidy                            523' -526 

6"- 

Sfind        .  .                    578  ♦ 

6"-580» 

Rock 

526 

•10" 

Clay 

589' 

Rock 

531 

6" 

Sandy                        '■    \,  . 

590' 

Sandy  .mth  hard  pla 

3es  538 

■     Clay  -*  load  color 

601' 

Tou^  clay 

.  540 

Sand 

.     .60S' 

Hard  places 

548 

'     Clay 

,     616'    4" 

Clay 

550' 

6" 

>    Drifted 

619' 

■Rock 

■  550 

9" 

^    Gravel                            .. 

624' 

I-Iard  clay 

561  < 

•    Kurd 

624'    5" 

Hard  sand 

552' 

■    Free  sand  &  gravel 

629' 

Clay 

554' 

Tough  clay 

638'   3" 

Sand 

5GV 

Hard 

Rock 

560' 

5" 

Clay  in  bottom  v;as 

Rock  hit  on  edge 

568' 

8" 

vjtiite  V7ith  pink 

Hard  clay 

578' 

6" 

streaks 
Clay 

Hard                           .      , 
Gravel 

639'    6" 

.'639 '10" 

•  . 654'   6" 

, 

SIIEI 

]T  NO. 

13  LINE  NO,   1 

, Bethlehen  Steel  Gosipany 
.Sparrows  Point,  Il'iryland 


.V'fell  Ho.     Tin  Mill  -  No.   1 
Driller:     Shomiahan 


Drilled:     1926 


J'0mi4'ITaM: 

•FORIMTJON: 

Slag 

0'-      10' 

Clay 

169' -170' 

Yell OH  clay 

20' 

Water  sand 

179* 

Blue  soft  clay. 

26' 

White   clay 

193' 

Sand  &  Grave'l 

,30' 

Sandy,   hard 

202' 

Soft  dark  clay 

47' 

Water  sand 

218' 

Gravel 

54' 

Clay 

219' 

Soft  dark  clay 

,70' 

Water  sand  ■     ■ 

234' 

Large  gravel 

80' 

Red  clay 

275' 

Clay 

123' 

Sandy 

283' 

Sand  ix  gravel 

142' 

I-fcrd   clny 

284' 

Sandy  cl.ay 

'  148' 

Sand  water 

298' 

Clay 

164' 

White   olay 

302' 

Sand 

166' 

ITnter  sand 

318' 

Clay 

167' 

Crust 

Sand 

169  ♦ 

Sond   and  gravel 

326' 

SHEET  NO.   13  LBTE  NO.   1 


Bethlehem  Steel  Company 
Sparrows  Point ,  Maryland 
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Well  No.  Tin  Mill  - 

No.   1 

(Continued) 

FORT^IATION: 

FOHI'IAITON: 

ITnite   clay                526 

•-371 

»   6" 

Hard  rock             502'   2" 

-502' 

7" 

Clay 

373 

6" 

Sandy   clay 

543' 

Rock 

374' 

liard  clay 

559' 

Sandy  x\ri.th  vjood 

■401 

3" 

Red  clay  hard 

559' 

4" 

Kai'd  rock 

401 

10" 

Sand  free 

561 

Sandy 

406 

Sandy  clay 

563' 

Hard  rock 

406 

t    3" 

Sand  &  gravel 

567' 

Sand  v;ith  clay 

421 

Hard 

580' 

8" 

Rock 

421 

r    .5.1 

Sand  free  red 

584' 

11" 

Sandy 

443 

r    9,. 

Hard  rock 

585 

2" 

Rock 

444 

Sandy 

596' 

Hard  place,   several 

Red  clay  hard    ■.  . 

597' 

rocks 

462 

r    5Tf 

Gray  clay            •    . 

608' 

Hard  rock 

462 

r    8" 

Sandy 

619' 

Sandy  clay 

472 

5" 

Sand  and  wood 

629' 

Rock 

472 

1    a" 

Harder 

635' 

7" 

Clay 

475 

r    8" 

Sand  free 

645' 

Hard  rock 

474 

Hfird  gravel 

654' 

Clay  hard  with 

Free  not  so  much 

boulders 

496 

r    9,. 

gravel 

663' 

Hard  clay 

502 

2" 

Tight   gravel,  mostly 

sand 

667 

3" 

Hard  gravel 

668' 

11" 

SI 

ihlET  NO.   14  LINE  HO.    9 

Bethlehem  Steel  Company 
SparrovTS  Point,  Maryland 

Well  No.   21  -   Old  Tovm  Water  Supply 
Driller:     Shanuahan 


--   is  now:     Furnace  -  VJell  No.   6 
Drilled:      1913 


FORMTION: 
'  YelloiJ   clay 
Blue  clay 
Green  sand 
Blue  clay 

White  sand  &  gravel 
Red  &  white  clay 
White  sandy  clay 
White  sand 
Coarse  white  sand 


-20* 

30' 
45' 
100' 
128' 
148' 
165' 
204' 
220' 


FORT-'IATION: 

Red  clay  220' 

Sand  and  grave-l 

Rou  clay 

Coarse  sand  &  gravel 

White  sandy  clay 

Red  clay 

Coarse  white  sand 

Rud  clay 

Red  clay,  sandy 


225' 
234' 
250' 

281' 
300' 
303' 
313' 
316' 
319' 
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SHEET  NO. -14  LINE  NO.   9 


Bethlehem  Steel  Conpany 
Sparrov/s  Point ,  Maryln.ncl 

Vfell  No.  ai  -  Old  TOTm  Water  Supply 
(Continued) 


is  novj;     Furnace  -  VJoll  No.  G 


FOPJIA.TION: 


Brov/n   clay 

319«-3ai« 

Pink  tough  clay 

524' 

Pink  &  vjhite  tou^ 

clay 

365' 

Brovm  clay,   tough 

394» 

•  White  sand 

3S9« 

■  Pinl^  clay,   hard 

399» 

White  sand 

-ioo* 

Red  clay 

407  • 

Brown  clay,   stmdy 

412' 

Red  clay,  tough 

414' 

Red  clay,    sandy 

431' 

Fnite  sand  free 

434' 

Rod  clay,    sandy 

.    450' 

Red  clay,  very  hard 

450' 

Streak  of  sand 

461' 

Red  clay,  very  hard 

464' 

Yellow  clay,  hai-d 

469' 

Red  clay,  very  hard 

470' 

.FORI'mTION; 
^  Rod  clay,   tough 
Pink  olay,   tough 
¥Jhite  sand 
Red  clay 

.Red  clay,  very  liard 
Red  clay,   sandy  ■ 
6"     ,  Rock 

.  Pink  sandy  clay 
Pink  clay 
White  clay 
'White   sand,  fine 
.    White  coarse  sand 
Red  clay 

White  clay         ;      ■ 
White   sand 
White  sandy  clay 
Pink  clay,   hard 
Free,   coarse 
white  sand   ■ 


470'-477' 
■  482' 
483' 
490' 
493' 
496' 
496' 
499' 
500' 
503' 
510' 
515' 
518' 
528' 
531' 
"  535' 
536' 

576' 


4" 


SHEET  NO.    14  LINE  NO.    21 


Bethlohon  Steel  Company 
SparroviTS  Point,  Maryland 


Well  No.     New  Water  Works  -  No.   5 

Driller:        Shannahan 

Drilled: 

FORJ/IATION: 

FORiaTION;- 

Yellow  clay                     0»- 

5« 

Sand,    free 

220'    6"-225' 

Sandy 

10 « 

Clay 

227' 

Dark  clay 

123' 

Clay,   harder 

232 » 

Sand  &  grfivel 

134' 

Sand 

243' 

Sand,  white 

158' 

Clay,   hard 

248' 

Sand,    free  in  places 

193' 

Send,  free 

255' 

Clay,  hard 

196' 

Clay 

256' 

Sandy 

199' 

6?' 

Sand,   not  free 

270' 

Sand,  free 

220' 

Clay,   hard 

272' 

Clay 

220' 

6"      ^ 
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SHEET  NO.  14  LINE  HO.  21 


Betlxlehem  Steel  Company 
Sparrows  Point,  Maryland 


Well  No.  New  Water  'VJorks 

-  No. 

5 

(Continued) 

romiATION: 

FOmiATION: 

Sand,  free  in  places 

272  • 

-300  ♦ 

Hard 

594' 9" 

-595'  9" 

Sandy 

338' 

7» 

Sandy 

603 '11" 

Clay 

341  ♦ 

Sandy  free 

609 '11" 

Sand,  gravel 

543' 

Sand  &  little  water 

515' 11" 

Clay,  red,  hard 

489' 

Clay 

617 »  7" 

Clay,  red,  softer 

499« 

Sand,  free 

621'  7" 

Clay,  red,  hard 

510» 

Clay,  hard 

627' 10" 

Sandy  clay 

512  ♦ 

Clay,  harder 

659' 

Clay , hard 

512» 

6" 

Clay,  softer 

680' 

Clay, harder 

559' 

Sand,  free 

692'  2" 

Clay,  red 

587' 

Hard  place 

695'  2" 

Sandy  clay  vrith  streaks 

Gravel 

706' 

of  .free  ^and  ic  wood 

594* 

9"' 

SHEET  NO. 

16  LIKE  NO.  9 

Boyle,  J.  &  Company 
Thames  &  Wolfe  Streets 


Well  No. 
Driller: 


Size:  3  in. 


Depth:  142  ft. 


Elev. : 
Drilled:  1884 


0  -  20' 
30 
40 
45 
70 
75 
100 
142 


Filled 

Yellow  pine  pile 

Tellovf  clay 

Coarse  sand  and  gray  gravel  (brackish  water) 

Red  clay 

Gravel  (water) 

Blue  clay 

Micaceous  clay  and  sand 

Hard  rock 


SHEET  NO.  16  LINE  NO.  14 


August  Bridenstein 
Lauraville 

Well  No.        Size:  3  in.      Depth: 
Driller:  Baltimore  Artesian  Well  Co. 


38  ft.      Elev.:  250  ft. 
Drilled:  1904 


Log 

0  -  20' 
35 
38 


Red  clay 

Quicksand 

Sand,   gravel  and  vjater 


il8  - 


..SHEET  NO.- 16- LINE  NO.  17 


Buck  Glass  Company 
Fort  &  LQwrcncc  Stroots 


VJoll  No. 
Driller: 

Log 

0  -  .55» 
60 
70. 
90 
96 
99 
103 
119 


Size: ■   8  in. 
C.  Hoshall 


Depth:      119  ft. 


Rod  clay 

Yellow  sand  ivith  a   little  water 

Rod  clay  ; 

vThite   clay  :       . 

White  clay  with  sand        • 

White  sarid  vaith  water 

Rod  clay  mth  a   little  iron  ore 

iJhite  sand  and  lAfiiito  clay 

Water  bearing  gravel 

SHEET  NO.  17- LINE  NO.  3 


4 


Elev. : 
Drilled:  1923 


Camp 

Holn 

bird 

Holabird 

Ave  nu 

Well 

No. 

270 

Driller: 

Log 

0     - 

37 » 
38' 

242' 
250' 
260' 
291' 

Size:  12  in. 


Depth:   300  ft. 


Elev. : 
Drilled:  1936 


Surface  soil,  sand,  clay 

Hard  rock 

Non  vmtcr  bearing,   varicolored  clays 

Fine  sand,    clean  but  little  showing  of  vrator 

Hard  trap  rock 

Good  clean  but  fine  water  bearing  sand 

Note:  17  1/2"'  drilled  hole  vdth  12"  casing 

SHEET  NO.  17  LINE  NO.  10 

Canton  Distilleries  Co. 
Clinton  and  4th  Avenue 


Well  No. 
Driller: 

Log 

80  -  85' 
145 
235 


Size:  8  in. 


Depth: 


Elev.: 
Drilled: 


Water  bearing 

Yollovj  clay 

Sand  and  gravel  grading  to  rock 
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SHEET  NO.'  17  LINE  NO.  11 


Cnnt6n  iCo  Co, 

1st  Street  &  Canton  Avenue 


Woll  No. 

Drillor: 

Lof^. 

150  - 

IW 

2'iQ 

260 

3S0 

Size:     6  iru  Depth:     400  ft.         Klov.: 

Rust  Drilled:    1910 


Snncl   (sniall  strecon) 

Yelloxu  clay 

Sand  and  gravel  (water  bearing) 

YlsIIovj-  clay  (I'/ator  bearing) 

Loose  shell  like  rocks  -  water 


SK-IET  NO.   17  LEIB  NO.    14 


Canton  Power  House  Co, 
10th  &  5th  Avenues 


Well  No,  Size:     8  in.  Depth:      1S8  ft.         Elcv,: 

Drillor:  Drilled: 


Log 


18»  Sand 

19  Gravel  .  ,'■''■ 

45  Sand  :    .  .     ■        _  -     ■ 

47  Clay 

67  Sand  with  little  clay 

?^9  Coarse  sand  &- gravel,  water 

thin  band  of   compact  sand  underlain  with  thin 
bad  of   clay 
170  Fine  sand  with  occasional  very  thin  gravel  bed 

thin  clay  bed,  2'    of   gi-avol  with  a  little  water 
3*  of  Ycry  hard  clay 
198  Glean  coarse  gravel  yielding  100  g.p.n. 
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Chcmicri.l  and  Pigment  Co, 
5401  St.  Helena  Avenue 


SHEET  NO.  18  LINE  NO.  1 


Well  No. 

0 

Siz 

o: 

Depth:     338  ft.         Elev.:"15  ft. 

Driller: 

Shannal 

lan 

Drilled: 

Lo^ 

^                                     * 

■  ■  . 

'      ■ 

•                            '         "       '                                                            .                . 

River  mud  to  50 ♦ 

50       - 

70  ♦ 
108 
112 

Sand 

Red  clay- 
Sandy 

"'-■''      '-" 

145 

Clay  hard 

sancl.with  clny 

146 

Boulder' 

157  -  8" 

ise-s"*  ' 

Boulder 

168 

Sand 

210 

Hard 

.    's.    -      . 

210-230 

Soft  clay 

with  little   sand 

230 

Har^j.  boulder  2"   thick,   broke   it  and  drove   it  dovm, 

still  in  ( 

3lay  at  236 

236-240 

Sand  and  clay                             ,                                • 

269-   6" 

Sand  • 

'  ■  ■ 

274-   9" 

Clay 

282-   9" 

Free  with 

gravel                                                                .     . 

290 

Hard  place  -  like  clay 

Said  water  started  320  to  338 

SHEET  NO.  19  LINE  HO.  1 

Chesapeake  Paper  Board  Co. 
Key  Highway  and  B  &  0  R.R. 


YJoll  no. 
Driller: 

Lq^ 

20 

27 

64 

67 

69 
137 

137  -   156 
164 


Size:     6  in. 


DoTDth:      156  ft. 


Elev.; 

Drillod:   July  1934 


Cinder  fill 

Fine  gray  sand 

Hard  drilling  red  clay 

Hard  sandstone 

Fine  clay 

Ha^'d  drilling  tough  rod  clay 

Sand,  gravel,  boulders,  streaks  of  clay 

Blue  clay 
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SHEET  NO.  19  LINE  NO.  2 

Chastcrwcod  Froe  EKG.  Soc. 

Boar  Creok,  Baltimcre  County,  Md,  -  '   '        ;  ■ 

Woll  No,  Size:  4  l/S  in.     Depth:  172  ft.    Elev.: 

Dri  Her :  Shannah-an  Drilled :  1903 

Dor;  .    . 


0     -       110'  San(J'with  iron  criists'  :.  ". 

145  Tough  red  clay  (liko  cloy  at  Powerhouse  at  226*) 

155  ,Vniito  sandy  clny 

172  Coarse  white  sand  ...  , 

IT  =  0   (Sea  level) 
,   B  =  -172* 

SHEET  NO.    19  LBIE  NO.   11 

Consolidated  Gas  &  Electric  Light  &  Povror  Co. 
Sollers  Station,   Baltimore  Countj'-,  Md. 

YJell  No.  Size:     8  in.  Depth:      226  ft.         Elev.: 

Driller:         Shannahan  Drilled:    July  1905 


Lo^ 


20'.  Yellow  clay  fonacd  surface  spring 

50  Boulders 

84  Boulders 

ISO  Sand  soil 
154 

157  Coarse  rod  sand  (water  pump  20  gal. ) 

HOO  Tcugh  red  clay 

226  Coarse  sand  nearly  white,     V/ater  bearing.     Pumps  110  gp 

IT  =     0      (Sea   level) 

A  =     -226 

A  =     -157 

B  =     -226 


^ 
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SHEET  NO.  20  LUTE  NO.  5  &  6 


Cpntinontai  Gil  Compc.ny.»s 


Continental  Oil  Co. 

.Bc'.ltiniore,  i'laryln-ntl. 

17q11  Nc.     4  find  5 
Drillor:     Shannahnn 

ggRLIATION: 

Gravel 

Streaks  of  clay 

Sandy  clay 

Rod  &,  blue  clay 

Boulder 

E'jrd  place 

Snndy  Sc  vrood 

Hard  -    -  .  . 

Boulder 

Soft  •    '■  ■ 

Boulder 

Clny  ■    . 

Boulder 

Sandy 

Think  this  carried  grcd  flew  of  vcter 

Hord  clay 

Hard  place 

S'lnd  &  grayel 

Clay  fc  iron  oro 

Clay  -  hard 

Soft 

Gravel 

Rock 


GRA7EL  COirouCTOR;       East  'fo^.  Continental  Company's  No.   5  ?Jell 

5"  pipe,  nc  sho'e  201 'il" 

8"  pipe  93  ""5 

Coupling  shoe a  on  bottcm 

West  Well 


Drilled:  1935 


No.   4  Well 

62  ♦   4"      - 

■     .  ■■  : 

96« 

97»      - 

97' 

141 '10" 

150'    2" 

165'   2" 

174' 

174'    7" 

177 '10  3/4" 

202' 

202'    3"     . 

202' 

209'   3" 

227' 10" 

251'   5" 

251'    6" 

r 

272'.. 

273'    6" 

306' 

314 » 

343'    9" 

344'    7" 

f," 


pipe,  no  shoo 
3"  pipe 
Coupling  shoos  on  bottom 


202' 
93  9 
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SHEET  NO.   20.  LINE  NO.    5  &  6 

Continental  Oil  Conpf\ny 
Baltinorc,  Marylnnci 

Crntinontal  Oil  Company's  Holl  No.  5  (Continued) 

FORMATION  of  No.  5  Well:   These  noasureinDnts  from  top  of  16"  pipe. 


Add  2'  B" 

tr  top 

Clay 

Surface 

Gravel 

45  • 

Sandy  clay 

48 

Sand,  free 

69 

Tough  clay 

84 

Sandy 

142 

Hard  granite  rock  (hardness  of  7) 

147  5 

Clay 

148  9 

Tough  clay 

190 

Sand  &  gravel 

202 

Trugh  clay  from 

216 

Hard 

250  9 

Sand  &  gravel 

251  9 

Sand  on  to 

255  9 

45 » 

48 « 

69 

84 

142 

147 

148 

9 

203 

216 

250 

9 

251 

9 

255 

9 

259 

9 

(This  had  scno  clay  streaks) 
Clay  streaks  sone  sand  &  gravel      259  9  269 

Not  much  good  below  259*         .  . 


Sandy 

290 

Hard  at 

Sand  at 

(Think  sand  staxtcd 

2» 

hi 

gher) 

Sandy 

304 

Hard  place 

315 

Sand  &  gravel  free 

in  places 

315  6 

Sandj'-  clay 

328 

Sandy,  almost  free 

334 

Clay 
Rock 

337 

544 

CC  to  L.O.S, 

CO  to  N.M.S. 

297  6 
29V  6 
302  6 

315 

315  6 

328 

534 

337 

344 


224 


SHEET.  NO.    2.1  LINE  HO.      9 

Crovm  Cork  &  Seal  Go. 

E.?.stGrn.  Avenue  and  Kresscn  ■  •,    •  .      .\  ' 

Holl  No.     3  3iz.o:  Depth:  ■  234  ft.         Elev.:-; 

Drillfir:     Ifcrris-Kamon  Well  Co.  Drilled:   1941 

Log  ... 

0     -     SO*  Surface'  fill  &'  graTcl 

40-  Sand  &  gro.vul 

69  Rod  clay 

81  Boulders,   grnvel  &  sand 

97  Tough  clay 

105  Bo^ldera  in  clay 

130  Cloy 

168  Sandy  clay  &  grriTOl 

180  Fine  sand  streaked  with  clay 

190  Sandy  clay  and  gravol 

215  Mediun  sand,  water  bearing,   vdth  balls   of  clay  ^ 

219  Heavy  gravel  canbo-dded  in  very  tough  clay  &  nica  |j 

227  Dark  blue   clay  &  weathered  nica  rocks 

234  Mica  rock 

Water  sand       190  to  219  ft. 

SHEET  HO.   21  LIME  NO.    7  . 

Crovm  Cork  &  Seal  Co. 

Highlandtowi  Plant  -  Eastern  Avenue  &  Kresson 

lifell  No.      1  Size:     12  in.  Depth:      253  ft.         Elev.: 

Driller:     Harris-Hamon  ITell  Co,  Drilled:    10/2l/39 

Log 

0-10'  Fill 

40  Sand  &  boulders 

178  Clay 

196  Water  bearing  sand  &  gravel 

200  Mica 

210  Vlater  bearing  sand  tc  gravel 

212  Mica 

220  Water  bearinf.-^  sand  £c  gravol 

S31  Mi be 

253  Bed  rock 


SHEET  NO.  23  LINE  NO.  11 
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Dnvison  Chenical  Co, 
Curtis  Creek 

Well  No,  2  Size: 

Driller:  Shannahan  - 


5  in. 


Depth:  460  ft. 


Elev.:  10  ft. 
Drilled: 


12B. 


Material 

Color 

Hardness 

Clay 

Yellow 

Soft 

Clay 

Dark  drab 

Soft 

Clay 

Dark  drab 

Hard 

Sand  &  gravDl 

Clay 

T/JhitG 

Soft 

Sand 

Yellow 

Cloy 

I'ftiite 

Soft 

Sand 

IJliite 

Froo 

Clay 

Yellow 

Soft 

Sandy- clay- 

White 

Soft 

Conrse  sand 

IfJliite 

Soft 

Clay 

White 

Soft   • 

Clay 

Red 

Hard 

Clay 

Pink-v/hito 

Hard 

Clay 

Brovm 

Soft 

Clay 

Petirl  gray 

Soft 

Clay 

Red 

Soft 

Sandy- clay 

Drab 

Soft 

Clay 

Red 

Soft 

Sandy-clay 

Drab 

Soft 

Clay 

Dull  red 

Ha:td 

Clay 

Bright  rod 

Hard    . 

Sand 

Yellow 

Free 

Clay 

Red 

Hard 

Sand  &  rock 

Rod 

Ha  1x1 

Sand 

White  cc  yellovj 

Free 

Clay 

Red 

Harl 

Sand  &  gravel 

YJhite 

Free 

Iron  ore 

Red 

Hard 

Clay 

Rod 

Hard 

Clay 

Drab 

Soft 

Iron  ore 

Rod 

Hard 

Sand 

White 

Free 

Clay 

White 

Soft 

Sandy- clay 

White 

Soft 

Clay 

Pink 

Hard 

Sand 

White 

Free 

Clay 

White 

Soft 

Clay 

Yellow 

Hard 

Clay 

Pink 

Hard 

Depth 


5 
25 


0- 
5- 
25-  38 

38-  49 
49-  64 
54-  66 
56-  71 
71-  75 

75-  75 

76-  95 
95-106 

106-110 
110-111 
111-lEl 
121-125 
125-132 
132-175 
175-180 
180-195 
195-218 
218-223 
223-225 
225-241 
241-244 
24'i-257 
257-274 
274-281 
281-335 
335-337 
337-338 
338-358 
358-562 
362-365 
365-363 
368-370 
370-374 
374-385 
385-391 
391-399 
399-401 
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SHEET  NO.   a5  LINE  NO.    11 
Da-vison  Chemical  Co.  HgII  No.   2  ~  (Continued) 

Material  Color  Ho.rdnesa  _  Depth 

Hard  401-402 

-  Hard  -.  402-405 

Soft  405-429 

Hard  429-435 

Sandy-gravol  VJhite  Vlater  buaring  435-450 

' SHEET  NO.   23  LBJE  NO.   15   ' 


Iron  oro 

Pink 

Clay 

Pinli 

Clay- 

■    Drab 

Clay 

Drab 

Davison  Ghcnical 

Co. 

Cijptis  Bay 

ITell  No.      6 

Size:      6  ij?.* 

D&o- 

Driller:     She- 

innahnn 

Lofi; 

0     -     10« 

Shells,    etc. 

12 

Shore  sand 

20 

Gray  clay 

44 

Dark  clay 

48- 

Yollovj  clay 

60 

Sand  &  gravel 

61- 

White  clay 

70 

Sand  CO  gravel 

80 

Red  clay 

126 

Sandy  red  and 

white  clay 

195 

Red  clay 

218 

Cray  clay 

225 

Red  clay 

241 

Yellow  sand 

250 

Sand 

250 

Sand 

280 

White  clay 

290 

White  sandy  cl 

■ay 

307 

White  3and 

316 

Red   clay 

D&oVm      316  ft.  Elev.: 

Drilled! 
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SHEET  NO.  23  LINE  NO.  16 


Davison  Chenical 

Co. 

Curtis  Bay  Plant 

Well  No. 

7 

Size:              Depth:  33< 

Driller: 

Shannahan 

Lo^ 

0  -  15' 

Sandy 

14  • 

6" 

Clay 

16' 

6" 

Sandy 

31 

Clay 

35 

Sandy  clay 

75' 

6" 

Hard  clay  with  gravel 

99' 

6" 

Sand  &  clay 

137' 

6" 

Clay 

166 

Sandy  clay 

169 

Red  clay 

173 

Sand  &  gravel 

195 

Streaks  of  iron  ore  ic   clay 

200 

Soft  clay 

251' 

3" 

Clay  &  sand  streaks 

251' 

9" 

Iron  oro 

267 

Sand  &  clay 

280 

Sand 

288 

Sand 

290 

Free  sand 

294 

Clay 

319 

Free  sand 

322 

Clry 

359 

Free  sand 

Elev.:   20  ft. 
Drilled:  1928 


Screen  323'  10"   to  355'  3" 


-   226  - 


SEEET  MO.   25  LLNE  mJ-'-Jf-- 

Dnvison  Chonical  Co. 
Curtis  Bny  Plant 

Well  No.     a      ■■    ...Size:     16  in.  Depth:     335  ft.       ,.  Eley. :   20  ft. 

Driller:     Hnrris-Hamon  Well  Co.  Mineola,  N.  Y,  Drilled:     1939 

Lof% 


0  - 

10' 

Sandy 

20 

Ycllov;  sand 

65 

Gravel  &  gray  cLny 

« 

73 

Gravel  in  cluy 

,  .-.  r  ■ ,  ■  • 

95 

Coarse  sand,  fine 

t^rsyol 

ivitti.  clay  ", 

137 

Coarse  gravel 

167 

Clay 

200 

Iron  ore 

205 

Red  sandy  clay 

-» 

210 

Brown  sandy  clay 

,  ;  .^.-  — .w  ■  . 

215 

Red  &  brovm  sandy 

clay 

-.,  '^n'  --   .:  . 

.  - 

235 

Red  sandy  clay 

240 

Red  clay 

•   •"  -^ 

250 

Gray  sandy  clay 

■  .    / 

255 

Blue  clay 

250 

Gray,  red,  yellov/ 

sandy  c 

:lay  ' 

265 

Pinlc  sand 

270 

Fine  yelloV'j  sand 

I    ' 

275 

Brov;n  sand 

280 

Bro-';'m  sandy  clay 

■  . 

385 

Bro^m  sand  &  clay 

290 

Yellow  brcm  sand 

ft  clay 

300 

Yell;:*'  sand 

305 

Brcv/u  yellow  sand 

•  ' 

310 

Bro'JTL  sand 

I 


Wash  samples  to  ^;00' ,  Driven  samples  200'  to  310' 
Driller  i-eportcd  water  hearing  sand  to  335'  and  red  clay 
335  to  340'».  8"  screen  set  295  to  335'.  H.  C,  Barksdale 
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SHEET  NO. 24  LINE  NO.  2 


Eastern  nolling  Mills 
Rolling  mil  Road 


Vie  11  No.  1 

Size:             ] 

Driller: 

Shannf: 

ihan 

Lon; 

0  - 

37 » 

Hard  clay- 

30 

Sand 

45 

YelloxT  sandy  clay 

59 

Sand 

94 

.Red  and  yv3llow  clay 

94' 

6" 

Iroii  ore' 

97 

Sandy 

V  . 

104 

Hard  sand,  fine 

.  126 

Clay 

137 

Hard  sand ,  f  ine , .  v;ood 

140 

Sandy 

147 

miite  sand 

161' 

8" 

Sand 

162 

Clay 

18E 

Sand  c!'c  gravel 

182 

Red  rock 

Depth.:  182  ft.    Elev.: 

Drilled: 


*   ■ .,  .  SHEET  HO. 24  LUTE.  NO.  12 

Eastern  Rolling  Mill  Co, 
Rolling  Mill  Road 

Well  No.  11       Size:  Depth:  Elev.: 

Driller:  Ohio  Drilling  Co.  Drilled:  1928 

Ii2£ 


0  . 

-   15' 

Sand 

40 

Clay 

45 

Sand 

120 

Clay 

135 

Sand 

144 

Clay 

157 

Sand 

158 

Clay- 

162 

Sand 

169 

Clay 

175 

Sand 
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SHEET  NO.  26  LINE  NO.  2 


Enerson  Hotol  

Cr.lvcrt  '''c  Bc.nk  Lane 

vjQll  No.         Size:   10  In.      Depth:  90  ft. 
Driller:  T.  3.  Harper,  JoTikinstcnvn,  Pa. 


ElGT.: 
Drilled:  1911 • 


Log 


-   L51' 
57 
76 
90 


Cellar 

Sand  S:   .gravsl,  vjator  bearing  at  55' 

MiXGd  clay 

Rod: 


Fort  Carroll 


SHEET  NO.   28  LIKE  NO.   2 


Well  No.' 
Driller 


Size:     6  in. 


Depth:   168  ft. 


Elev.; 
Drilled:    1900 


Ii2S_ 


10' 

56 

97 

123 

150 

156 


White  Band  fill 

Yellow  sand  nixed  vri.th  oyster  shells 

Yellow  cl»iy 

Gray  white  sand  &  gravel,  little  water 

I'fhito  fire  clay 

Coarse  white  sand  and  gravel..  1,'Jat or . 


TJ  =  10' 

A  =  -  158 

A  =  -  113 

B  =  -  158 


SHEET  NO.  28  LINE  NO.  10 


Frankfort  Distillery 

200  N.  Kresson  St.  between  Fayette  &  Faimont 

Well  No.  1       Size:  Depth: 

Driller:  Prcba'oly  Washington  '.Tell  &  Puiip 


230  ft. 


Elev. : 
Drilled:  1933 


0     - 


5» 
15 

25 
30 
33 
38 

41 
44 
49 


Fill 

Sandy  clay 

Sand 

Sand  &  gravel 

Mixed  saad  &  gravel 

Wliito  clay  &  silica 

White  and  red  sand 

Red  clay,   sand  cc  gravel 

Red,  yellow-white  clay,   sand  .&  gravel 
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SHEET  NO.  28  LINE  NO.  10 
Frankfort  Distillery 
Yfell  No.  1    (Continued) 


54'  VJhite  &  yelloi/  clay 

56  T/hite  clay  &  sillica 

59  I'fliite  yello?/  red  clay.  Coarse  sand 

69  Red  brick  clay 

71  Red  clay,  streaks  of  blue 

73  Sand  carrying  vrater 

96  Red  clay,  streaks  of  v/hite 

118  Clay  &  sand 

123  Sand  <i  clay 

130  Sand  &  gravel 

135  Red-white-yellow  clay.  Sand  &  gravel 

150  Sand  &  gravel   •  ' 

155  Sand  with  mica  &  gravel 

160  Sand  with  mica  &  water  bearing  gravel 

175  Alum  &  sand 

182  Coarse  sand 

189  Green  shale  &   sand  muscovite 

20J+  '  Green  shale  sand  &  graphite 

208  Graphite 

232  Green  shale  sand  &  graphite 


SHEET  NO.  29  LINE  NO.  9 


Gibson  Island  Corp, 
Gibson  Island,  Md. 


Y/ell  No.  1 

and 

2 

Size:              Depth: 

319  &  322  ft.  Elev. :  25  ft. 

Drill 

er:  i 

Bhannahi 

an 

Drilled:  Mar.  1923 

and  1929 

Log 

0  - 

15' 

^5 
53 
80 

85 

90 
120 
152 
159 
166 
170 
181 
197 

Light  red  clay 

Sandy  clay 

Hard  red  clay 

Sandy  white  clay 

Red  clay 

White  sand 

rJhite  sandy  clay 

Red  clay 

Hard  sand 

Sandy  clay  with  wood 

Red  clay 

Hard  sand 

Sandy  clay  vdth  gravel 
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SHEET  NO.  29  LIKE  NO.  9 
Gibson  Island  Corp, 
Fell  No.  1  and  2     (Continued) 

h2E 


220' 

White  clay 

231 

Yellov;  clay 

260 

Sandy  clay  vjhite 

275 

Red  clay 

2G5 

Fine  sand 

286 

Red  clay 

294 

ViTaite  clay 

322 

riJhite  sand 

SHEET  NO.  31  LBE  NO.  18 


Ice  Works 

I'Volfe  and  Fell  Streets 


Well 

No. 

Drii; 

l.er: 

Log 

0  - 

25' 

30 

42 

47 

95 

97 

155 

157 

Size:  8  in. 


Depth;  317  ft. 


Elev. : 
Drilled: 


Lauer  &  Suter 

Block  &  Caroline 

Well  No. 

Size:  3  in. 

Driller :  Baltiraor 

e  Artesian  Tell 

Log 

0  -    10' 

Surface  soil 

35 

Red  claj'- 

45 

Fine  sand 

48 

Gravel  (water) 

Filling- 
Black  mud 
Pinkish  clay 

Sand  &  gravel:  brackish  v/ater 
Variegated  clay  . '  „   . 
Sand  &  gravel:  good  water 
Variegated  clay:  sand  streaks 
Gravel  &  sand:  much  good  water 
Hard  black  rock  to  317' 

SHEET  NO.  33  LINE  NO.  9 


Depth:  99  ft. 


Elev. : 
Drilled; 


1904 
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SHEET  NO.    55  LINE  NC).    5  _.         . 

Maryland  Distillery  Co.  ..■..•      V.: 

Halcthorpe ,  Mar3''land  ,       .    '  ■  ' 

Wcli  No.    ■   2  Size:     10  in.  Depth:     103  ft.         Elev.: 

Drillor:     Washington  Well  ft  Punp  Co.  Drilled: 

Lop, 


0  - 

11« 

Yollovj  soil  ft  clay 

14 

Yollow  snndy  clay 

25 

Yellow  sand 

43 

Red  firavol  £c   clay      .  ,. 

50 

Yellow  water  sand 

73 

Blue  clay 

79 

Blue  clay  &  frrnvel  ' 

86 

Gravel  -  no  wot or 

91 

Gravel  &  white  clay 

103 

Vfater  sand  6:  pravcl 

SHEET  NO.  35  LINE  NO,  4 

Maryland  Distillery  Co. 
Halcthorpe,  Maryland 

Well  No.     3  Size:        10  in.  Depth:      107  ft.         Elev.: 

Driller:     Washington  ^lell  t"c  P^jiip  Co.  Drilled: 

L2£ 


0 

-  14» 

Yellovj-  soil  &  clay 

28 

Hed  clay 

45 

Red  clay  &  gravel 

49 

Yellow  sand 

53 

Red  clay 

60 

Yelloxu  water  sand 

06 

Blue  clay 

95 

Blue  claji-  &  pravel 

107 

VJhite  water  sand  cc  gravel 
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SHFET  NO.   35  LUSlE  NO.    6 


Maryland  Distillery 'Co.   ' 
Halethorpe,  Md, 

Well  No.:   4  Size:     10  in. 

Driller:     Washington  Well  &  Pump  Co» 


Depth:   103  ft,  Elev.: 
.       Drilled; 


li-Of?  : 

0 

-  6« 

Yellow  stmdy  soil 

IS 

Red  clay 

31 

Red  clay  &  gravel 

58 

Red  clay 

84 

Blue  clay            '  ' 

91 

Blue  clay  &  gravel 

103 

White  gravRl  &  3?ind 

SPS7:T  no.  35  LINji  NO.  5 

i 


Maryland  Distillery  Co.  Inc. 
Halethorpe,  Md, 

Well  No.  5     Sizer  -'-10-  in.  '  ' 
Driller:  Washington  Well  &  Pump  Co, 


Depth;  .125  ft.  Elev.: 

-.  .  .  Drilled; 


Log 

0 

-   9' 

Yellow  top  soil      •■■■ 

•22 

■'Red  clay 

■.; 

39 

Yellow  clay 

45 

Yellow  clay  &  gravel 

55 

Yellow  sand  no  water' 

81 

Blue  clay 

97 

Blue  and  white  clay  and  gravel 

109 

^■n;iite  gravel  and  sand 

119 

Greenish  blue  clay 

125 

Rotten  rock 

At 

125 

Solid  rock 
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SIffiET  NO.   35  LINE  NO.   10 


Maryland  Drydock  Co. 
Fairfield,  Md, 


Well  No. 

2 

Driller: 

Lop; 

0  -  8' 

40 

45 

90 

90» 

9" 

■  .112 

138 

176 

182 

190 

210 

230 

230' 

4" 

252 

.  262 

Size: 


Depth:   262  ft. 


Elev.:   10  ft. 
Drilled:  1926 


Fill  •  ■  . 

Sand  &  gravel 
Dark  clay 
Red  clay 
Rock 

•Fine  sand  with  clay 

Bro\TO.ish  clay,  fine  sand. mixed  to  thin  rock 
Fine  sandy  clay      ■ 
Water  bearing  sand.,   coarsorclay 
I'Tator  bearing  sand,  more   clay 
Ylater  .bearing  sand,   hard  picketed  with  scale 

of  sandstone 
Fine  sajid  v/ith  thin  layers  of  blue  marl 
Hard  layer  of  sandstone,  water-bearing 
Sand   (coarse)   layers  of  sandstone  about  every  3* 
Sand  i^id  clay,    coars,e,  gravel 


R.  B,  Mason 
Lauraville 


SHEET  NO.   35  LINE  NO.   17 


Well  No,  -      Size:     3  in. 

Driller:     Baltimore  Artesian  Well  Co. 


Depth:  108  ft. 


Elev.:  320  ft. 
Drilled:  1895 


Los. 

0 


3'  Surface 

48  Red  clay 

50  Rod  ochre 

60  Cementod  gravel 

100  Blue  "rainebank"  clay  with  iron  ore 

108  'Sand  and  fine  gravfel,  -  water  excellent 

112  Micaceous  sand  &  clay  -  no  vrater 

112  Rock 
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SHEET  NO.  36  LINE  NO.  16 


Monumental  Brewing  Co» 
Lcmbard  &  7th  Streets 


:.V;ell 

No-. :  • 

Driller: 

Log 

0  - 

•  80' 

110 

160 

190 

210 

310 

Size:  8  ia. 


Depth':  535  ft, 


Elev.: . 
Drilled:  1910 


535 


Red  clay 

Fine  yellow  sand  (vrater  bearing) 

Red  clay,  mostly 

Sand  &  g-^avel  (water) 

Fine  v;hite  sand 

Hai'd  pan.  Loose  conglomerate  of  small  gravel 

and  coarse  sand;  variogated  clay  -  "blue,  yellow, 

white  and  slightly  greenish 
Gneiss  rock,  altematingly  hard  and  soft 


SHEET  NO.  37  LBIE  NO.  11 


National  Enamel  Co, 
Light  &  Wells  Streets 


Well  No. 
Drillor: 


Size:  6  in. 
Dov^iin 


Denth?  167  ft. 


Elev, : 
Drilled:  1902 


Los 
0  -  50' 
69 
142 
167 


Fill 

River  bod  gravel 

Variegated  clays  &  marls 

Soft  crumbling  sandrock  bearing  v/ater 
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SHEET  NO.  37  LINE  NO.  15 


Northern  Central  R.R.  ' 
10th  Street  &  5th  Avenue 


Well  ] 

No. 

Size:  8  in.  ••   -  Depth:  197  ft 

Elev. : 

Driller: 

Drilled: 

Depth 

■of  water  hearing  formations:  190  -  197  in 

coarse  'gravel, 

Lop, 
0  - 

7' 

Sand  &  gravel 

■ 

29 

White  clay 

38 

Gravel  &  yellov;  clay 

56 

Red  clay 

74 

Sand  &  vJhite  clay 

80 

Ycllovr  clay 

, 

83 

Light  yellow  clay 

89 

VJiiite  clay 

99 

Yellov/  clay 

118 

White  sand 

123 

White  clay 

128 

Coarse  sand 

129 

White  clay 

- 

137 

Yellovj  clay 

144 

VJhite  clay,  sand  &  gravel 

153 

Light  sand 

V  .    ''  ■' 

159 

Light  clay 

179 

Red  sand 

.  ■ 

180 

Coarse  light  red  sand 

183 

Small  gravel 

187 

Gravel,  sand  &  clay 

190 

Clay 

f    ■ 

197 

Coarse  gravel,  water 
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SHEET  NO.  59  LINE  NO.  4 


Pan  American  Refining' Co". 

Southport  Avenue,  E.  Brooklyn,  Md. 


Well  No, 

4 

Size: 

Driller : 

Sh^.nnahnn  ;  ■' 

Lo(^  .  , 

_ 

0  -  15« 

Blue  clay 

28 

Sand 

33 

Gravel 

43 

Clay  &  gravel 

85 

Sand  &  gravel 

90 

Clay 

98 

Sand  &  gravel 

102 

Clay 

151 

Sandy  clay 

188 

Rod  elay 

215 

Sandy  clay 

216 

Boulder 

243' 

7" 

Clay 

243' 

11" 

Boulder 

280 

Clay 

280' 

8" 

Boulder 

282' 

6" 

Clay 

289  • 

5" 

Sandy  clay 

290 

Clay  hard 

318 

Sandy 

321 

Clay 

321  • 

2" 

Boulder 

354 

Clay 

376 

Sandy  clay 

395 

Srmd  gravel-  ' 

395' 

4" 

Bed  rock 

Depth:  396  ft.    Elev.: 

Drilled:  May  1939 


-  239 


SHEET  NO.  39  LINE  NO.  5 


C.  H.  Pearson  &  Co. 
Packers 


Well  No.: 

Size:                                 Depth:   102 

Driller: 

Lo^ 

0     -     8» 

Shells 

15 

.     Mud 

22 

Mud  with  shells  &  gravel 

30 

Red  clay 

45 

Vfhite  clay- 

60 

Sandy  vihite  clay 

65 

Sand  -  rock 

80 

White  iiapervious  clay 

102 

Water-bearing  white  sand 

SliEET  NO.   59  LDffi  NO.    7 

Elev.:' 
Drilled: 


Pennsylvania  Water  &  Power  Co, 
Philadelphia  Road  &  8th  Street     -     ' 

Well  No,:  Size:      6  in.  Depth:     395ft.       Elev.: 

Driller:     Hoshall  Drilled:   1910 

12B.  .,-.■■-■ 

0     -     125'  Mostly  sand  xvith  some   clay 

375  Mica  rock 

395  White  granite 
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/ 


SHEET  No.   43  LINE  NO.    13 


Schluderberg-Kurdle  Co, 
Baltimore  &  Eaton 


YTell  No. 

2 

Size:             Depth:  195  ft. 

Elev. : 

Driller: 

Guarantee  VJater  Eng'g  Corp. 

•  Drilled:   1928 

Lop 

0  -  15' 

,C?tnaer3  sind  fill 

20 

' ':  Sandy  clay 

40 

Tough  red  clay 

49 

Sand  &  clay 

53 

Boulders           _   . 

60 

Sandy  clay 

85 

Yellov/  sand 

94 

Fine  yellow  sand 

136 

Tough  yellow  clay 

148 

Coarse  gravel  &  sharp  f  jjie  sand 

154 

Sand 

161 

Tough  clay 

195 

Coarse  sand  to  gravel  at  'bottani. 

SHEKT  NO.  43  LEIE  NO.  14   ' 

,  ^-  ■ 

Schluderburg-Kurdle 
Baltimore  and  Eaton 

IVell  No.   1  Size:  «  18  in.  '  Depth:     195  ft,       Elev.: 

Driller:     Guarantee  Water  Supply  (out   of  business)     ■    Drilled:  1928 


Log 

C  - 

15' 

Cinders  and  fill 

34 

Red  clay 

39 

Pack  sand 

59 

Yellow  clay 

69 

Hard  pack  sand 

77 

Hard  pack  sand 

81 

Shale 

109 

Red  gumbo 

117 

F  ino  sand 

123 

Gumbo 

129 

Sand 

149 

Coarse  sand 

152 

Gravel 

195 

Coarse  gravel 
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SHEET  NO.  43  LINE  NO.  16 


ochluderburg-Kurdle 
Baltiraore  &  Eaton 


Well  No.: 

3 

Size:       8  in.                Depth:      272  ft.       Elev.: 

Driller:     ■ 

Layne  Atlantic  Co.                    ...            :              Drilled 

Lo^ 

0     -     12» 

Brick  &  cinder  fill 

144 

Hard  red  clay 

161 

I'Jhite  sand 

168 

Hard  blue  clay 

189 

Sand  &  gravel 

223 

Vari-colored  clay,   small  boulders 

245 

Sand  &  gravel 

262 

Soft  blue  clay 

267 

Dark  gray  sand,  possibly  weathered  granite  ■ 

272 

Graiiite 

.      SHEET  NO.   4t5  LINE  NO.   18    ;     . 

1941 


Schluderburg-Kurdlo 
Baltimore  &  Eaton 

Well  No.:  4    Size:  Bin.       Depth:-         Elov. : 
Driller:  Layne  Atlantic  Co.  -  .  ■   Drilled:  1943 

Log 

0  -  15'  Clay,  light  gray  to  maroon  mottled 

35  Sand,  buff,  moderately  coarse 

110  Clay  ;  .  .  ;_ 

137  Clayey  sand 

142  Gravel  and  seme  clay  pellets  and  balls 

147  Sand  &  gravel  with  clay  balls     ,  ,. 

155  Quartz  gravel  and  sand  vjlth  some  clay  balls 

169  Gravel,  sand  clayey  ' 

•  179   •   Sand  &  gravel  with  clay  balls 

195  Sand  &  gravel,  drilled  5'  every  8  hours 
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Sharp  &  Dohme 
Pratt  &  Horvard 


SHEET  NO.   44  LINE  NO.   3 


Well  Ho.  Size; 

Driller:     Do-iimin 


6  in. 


Depth:      B5  ft. 


Elev.: 
Drilled: 


op 

0  - 

-   10' 

48 

68 

85 

YellO¥?  ssnd 
Gravel  &  sand 
Yellov;  clay 
Rock 


SJIEET  NO.    4^1  LINE  NO.    5 


Sharp  &  Dohme 
Pi'att  &  Howard 


Well  No.: 
Driller: 

Size:  6  in. 

Dovmin 

Depth:  77  ft. 

Elev. : 
•Drilled: 

Lop 
0  - 

20' 

47 

65 

73 

77 

I'Thite  clay- 
Sand  &  gravel 
Yellowr  clay 
"iron  ore"-  ■ 
Yellov;  clay 
Rock 

SHEET  NO. 

44  LINE  HO.  4 

Sharp 
Pratt 

&  Dohme 
&  Franklin 

Well  No.:  Size:      G  in. 

Driller:     Downin 


Depth:   94  ft. 


Elev.: 
Drilled: 


Lop, 

0  - 

22' 

Top  soil 

24 

Blue  sand 

31 

Sandy,  yellow  clay 

88 

Clean  yellov;  sand 
Rock 
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SHEET  NO.  45  LINE  NO.  5 

Southern  Products  Co. 

Bodkin  Creek  (Sanitary  Reduction  Co.'s  Garbage  Plant) 


Well  No.  : 

1     Size: 

8  in.       Depth:  431  ft. 

Elev. : 

Driller: 

Shannahan 

Drilled: 

Log   .  ; 

■  . 

0  -  20' 

Sand, 

\\rhite  hard 

22' 

6"   Clay, 

white  hard 

24' 

6"   Sand, 

yollovv  coarse 

30 

Sand, 

white  free 

54 

Sand, 

yelloviT  not  free 

72 

Sandy 

clay  white  hard 

80 

Sand , 

yellow  and  white  free 

95 

Sandy 

clay  v;hite  hard 

100 

Clay, 

dark  gray  hard 

105 

Sandy 

clay  v/hite  hard 

125 

Sandy 

clay  red  hard 

141 

Sand, 

red  free 

143 

Clay, 

v/hite  hard 

150 

Sand, 

red  not  free 

151 

Clay, 

red  hard 

154 

Clay, 

xvhite  hard  ■ 

160 

Sand, 

yellow  not  free 

235 

Clay, 

red  tough 

266 

Clay, 

broxm  soft 

273 

Sandy 

clay  red  soft 

275 

Sandy 

clay  red  soft 

277 

Sand, 

rod  free 

279 

Clay, 

red  soft 

288 

Clay, 

brovm  soft 

295 

Clay, 

red  tough 

390 

Sand , 

x'Jhite  hard 

451 

Sand , 

white  free 

1908 
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SI-IEET  HO .  ■  45  LINE  NO.   5- 


STAFFORD  HOTEL  i  ■■: 
Madison  &  Charles 


Well  No;;-  -' 

-■  Size:  8  in. 

Depth:  315  ft; 

Elev. :  '  ■ 

Driller: 

Drilled:  1905 

Lop; 
0  -  54' 

Light  sand  #1 

'■■-   ■■     '   ■-"•   V  ■-■.  .'■" 

>  ,_:  .,  ;' 

65 

Yollow  clay  becoraing  lighter' ,  ' 

'  '■  •■• 

80 

Soft  gray  rock  #3   .  .     .  '  ' 

90 

Rock  btJCOTiing 

harder  ,   '..-'' 

115 

Rock   5 

■'■■■■■    .    f   ■  .  '  . 

150 

Darker  6  ■ 

140 

Harder  7 

! 

150 

"   8 

160 

"   9 

*■  ■ 

170 

"   10 

180 

"  12, 

190 

"  12 

198 

"  13 

210 

Somewhat  softer   14  ,  ,      \ 

220 

Hard  15 

< 

223 

Hard  16 

230 

Lighter  in  color  17. 

240 

it           tl 

"   18    ."■'■■. 

250 

"   19 

255 

"   20 

A,, 

265 

Darker  21 

280 

22 

300 

23 

(..-■' 

315 

"    24 

f      ■  ■  ■■ 

- 

Water  15  gpm     just  above  harder  rock  at  90* 


-  245  - 


SI^EET  NO.  46  LINE  NO. '  8 


Standard  Oil  Co 

• 

5th  Street 

&  P. 

B.  &  W.  R.  R.    *              .   ■  ' 

Well  No. 

Size:  6  in.       D'epth:   200  ft. 

Driller: 

Shannahan 

Lor 

0  -  6» 

Yellow  clay- 

76 

White  sand 

82 

Red  clay 

126 

Reddish  sand 

157 

Variegated  sandy  clay 

166 

White  clay 

187 

Sand  &  gravel 

200 

Gray  micaceous  ciaterial  carrying  some 
garnetiferous  material 

SHEST  NO.  46  LINE  NO.  11 

Elev.:  40  ft. 
Drilled:  1907 


Standard  Oil  Co, 

Boston  Street  (250'  So.  of)   (W.  side  of  Newkirk) 

Well  No.  1     Size:  12  in*      Depth:  224  ft.    Elev. : 

Driller:  Layne  N.Y.  Co,    .  Drilled:  Feb,  1926 


Lo^ 

• 

0  - 

10  • 

Sand 

15 

White  clay 

35 

Sand 

90 

Red  clay 

92 

Sand 

108 

Blue  clay 

115 

Fine  sand 

216 

Coarse  sand  &  gravel 

224 

Boulders 
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;,,..-  ^  SliSBT  NO. 46  LINE  NO.  .12 

Standard  Oil  Co,  '■:..• 

Boston  St.    (750»   s.   of  Boston  St.,  W.   side  of  Nevfkirk) 

Well  No,     2  Size:     18  in.  Depth:   2S9  ft.         Elev. : 

Driller:     Layne    N.  Y,  Go,  ,       Dril.lod:  April  1929 


Lo^ 

0 

-  55' 

Sandy  soil  &  clay 

42 

Sfindy  clay- 

68 

Sand 

69  ■■■ 

■  '  Bou.lderB 

109 

Sandy  clay  ' 

116 

Sand 

117  ..: 

..'  '  Boulders 

IGO 

Sand"    • • 

162 

Clay 

16£   ■ 

■  Sand 

191 

Clay 

2D6   ■ 

•  Sand 

229 

Sand 

■SI-IEET  NO.   46  LINE  NO.  15      '  ■     '  '  ' 



Standard  Oil  Co.  ,      ■,  .  * 

Boston  St.  (1250'  S.  of  Boston  St.,  VI.  side  of  Newkirk) 

Well  No.  3     Size:  18  in,    ■■.  Depth:  224  ft.    Elov. :  j 

Driller:   Layne  N.  Y,  Co.  Drilled:  6-1929    -| 


LOf- 

0  - 

83* 

Clay  &  fill 

93 

Sandy  clay 

153 

Sand 

145 

Clay 

156 

Sand 

159 

Clay 

174 

Sand 

184 

Clay 

224 

Sand 

i 


247  - 


SHEET  NO.  46  LINE  NO.  .14. 

Standard  Oil  Co.  ,  ■ 

Canton  Refinery  •  ■  '    ' 

Well  No.       Size:  18  in.      Depth:  224  ft.       Elev.: 
Driller:  Layne  Atlantic  Co.  Drilled:  1928 

Lo^ 

Alternating  clay  strata  to 

117» 

117  -  160  Sand 

191  Clay                                                                     ,     ^ 

206  Sand                                                                          '       . 

224  Sandy  clay 

SHEET  NO.   46  LINE  NO.    15 

Standard  Oil  Co, 
Canton 

Well  No.     4  Size:  Depth:      223ft.       Elev.: 

Driller:  Drilled:   7-1936 


9i 

0-3'  Red  clay 

21  Brovm  sand  fine 

46  Soft  sandy  clay 

55  Hard  red  clay 

57  Sandstone 

66  Soft  clay 

68  Gray  sand 

98  Soft  sandy  clay 

105  Hard  red  clay,  hard  drilling 

106.0  Brovm  sand 

109  Blue  clay  hard 

13-1  Coarse  gray  sand 

121  Soft  sandy  clay 

126  Hard  red  clay,  very  hard 

128  Coarse  broivn  sand 

157  Hard  red  clay,  very  hard 

160  Coarse  gray  sand 

169  Hard  red  clay,  very  hard 

176  Coarse  gray  sand  very  sharp 

184  Hard  red  clay 

185  Sandstone 

202  Coarse  gray  sand  &  gravel 

216  Hard  blue  clay 

223  Hoasyconbed  rock 

223  Ledge 
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SHEET  NO.  46  LINE  NO.  16 


Standard  Wholesale  Phosphate  Co, 
Ci-U'tis  Avenue  &  Aspen  St. 


V^ell  No.  3---   Size; 

8  in. 

Depth:'  3 

Driller:  •  Shannahan 

Lor  #   3,  Air  lift,  February  1929 

1 

Same  as  1  to  63 

63  -  71» 

Clay 

79 

Sand 

85 

Clay 

95'  6" 

Sandy 

170-4 

Clay 

170-10 

Bouldor 

178 

Clay  .■■'-.    - 

.'.  ■ 

178-5 

Boulder 

190 

Gley 

191 

Siind 

197 

Ciay,  sand 

streaks 

■  -  . 203 

Clay  boulder  at  200'  4" 

:    204 

206 

210-6 

Clay  hard 

211-6 

Soft  rock 

214 

Clay  hard 

214-215 

Soft 

242 

Clay,  sand 

streaks 

247 

Clay 

249 

Soft 

268 

Sandy  clay 

281 

Free  sand 

290 

Sand  &  gravel 

295 

Sand  froo 

298 

Sandy  clay 

305-9 

Sand,  free 

305-9 

Clay 

307 

Free  s?:;nd 

508-6 

Hard  clay 

312-6 

Free  semd 

313 

Clay 

327-6 

S;.-nd 

331 

Clay 

336 

Free  sand 

338 

Clay 

344 

Sand,  clay 

streak,  339 

344  ft.   -Elev.: 

Drilled;  Feb.  1929 


I 


This  well  repaired  and  changed  to  4"  in  1942 


-   249-    ■< 


SHEET  NO,   46  LINE  HO.  -19 


Standard  ITholesale  Phosphate  Co. 
Curtis  Ave.  &  Aspen  St. 

Well'No..     4'  Si2-,e:     10  in.  Depth: 

Driller:     Sliannahan 

FOEMTION  Distance  froiin  top  rotary  8'V  c 

15' 


Grave: 

a 

Clay 

&  gravel 

Ha3:d 

clay 

Sand 

White 

;  clay 

&  gravel 

Hard 

xvhite 

clay, 

28" 

,  24  min. 

Very 

sandy 

H?.rd 

clay, 

seems 

more  like  sandstone, 

1'  9",  . 

per  ] 

:iour 

Sandy  clay 

2'  in 

0  min. 

Hard 

&  S0f1 

;  clay 

?' 

25  min. 

Hard  clay  2',    1  hr. 

Clay  softer,  47  nin. 

Harder  B'    in  25  lain.  , 

Sroidy 

Rock  soft 

Sandy  2'    ,1  min. 

Hard  crust 

Sand  streaks  crusts   iron  ore  &  rod,   15  min. 

Red  clay,    soft,   11  I/2  min. 

Sandy  2  ft.,   2  min. 

Clay  2' ,   9  min. 

Sand,  free  2',  3  min.  gravel  in  this^ 

White  sandy  clay,  4  mini        

Sandy  clay 

Sand  &  gravel  2' ,  1  min. 

Sandy  clay 

Sand  2' ,  1  min. 

Free  sand,  10  sec. 

Free  sand,  2  min.,  l/2"  gravel 

Very  sandy  clay,  white 

Sand  2  l/2  min. 

Rod  clay  2'  in  15  min. 

Sandy  clay 

Fine  gravel  6  1/4  min. 

Fine  sand  &  gravel,  11  min. 

Rock,  40  min. 

There  is  wood  in  most  all  of  these  strata. 


339  ft. 

Elev. : 

Drilled:"  1941 

iamond  bit  . 

.  -  30* 

63 

68 

.72 

82' 

6" 

88 

93  • 

6" 

109 

.  125' 

6" 

140' 

5" 

144' 

(bit  wooded  with  clay) 

■  152 

173' 

5"  . 

174': 

LI" 

175' 

3" 

184' 

6" 

184' 

7" 

189 

198 

212' 

218 

226 

250 

234 

248 

263 

a7i 

272 

291 

294' 

5" 

301 

310 

317 

326' 

6" 

338 » 

6" 

338' 

7  1/2" 

-   850 


i 
i 


SHEET  HO.    47  LIKE  MO.    7 

Judge  Stockbridge 

V'fagners  Point      (Novj  ovmed  by  the  Shell  Oil  Co..) 


^■?8ll  No.:.  ■   Size: 

Driller:       Sliannnhan 


Depth:     381  ft.     Elev. :  ■ 

Drilled:   1908 


l-o^ 

26     - 

30» 

Coarse .gravel         ' 

50 

Blue  clay 

70 

Sand 

92  , 

Clay 

116  " 

Sand  -  little   water 

140. 

Sandy  clay,  Fe  strata 

150 

Hard  red  clay 

162 

Sand 

179, 

Blue   clay 

181 

Boulder 

206 

Brovj-n  clay 

229 

Hard  clay,  ?e  crust 

230 

Boulder 

244 

Sandy  clay 

255 

Sand.     Pumped  water  50  gal.   cased 

off 

259 

White  clay 

289 

Sand,   little  water 

330 

Clay                                                    .     ■ 

342 

Sandy  clay_ 

351 

Sand,   little  water 

356 

White  clay 

■381 

Coarse  sand  and  gravel,  water  ' 
SHEET  NO.    48  LIKE  NO.    5'    • 

I 


Texas  til  Co. 
Eafit  Br:.  -..Vlyn 


Well  ?!c,  ■■ 

Size:     5  : 

DrilJ  0. 5      J.  H. 

K.     Shann! 

Mot.-r;.t  I 

Color 

ci^-y      .,.. 

Yellow 

Mud        .    ', 

Black 

Sanfi     ,.. 

White 

Sandy-clay 

II 

Gravel 

It 

Clay 

Reddish 

Sandy- clay 

White 

Gravel 

- 

Sand 

VJhite 

Clay 

Red-vJhito 

Sandy- clay 

with  iron  ore 

Depth:  392  ft.  Elcv.: 

Drilled:  1910 


Hardness 

■   r 

Depth 

Soft 

0 

-   15 

tt 

28 

i» 

35 

M 

45 

.     II 

59 

It 

63 

II 

•     '  J. 

67 

- 

90 

^ 

102 

Hard 

107 

Hard  & 

Soft 

110 

-   251  - 


SHEET  NO.   43  LINE  NO,    5 


Texas  Oil  Co. 

: .,..'    '    "    ,"  ,. 

East   Brooklyn 

(Continued) 

Mateirial 

Color 

Hardness 

Depth 

Sand  coarse 

Hard  &  soft 

110-115 

viifh  iron  ore 

Clay 

White 

Ifcrd 

119 

Sandy 

Rod 

Free    .            \ 

123- 

Clay 

White 

Hard 

128: 

Sand  &  cloy 

tt 

Ireo     ■  ■' 

135 

Sand 

11 

M 

140 

Ssmdstons 

It 

.Hard 

148. 

Clay 

Drab 

Tough    ■ 

188  ■ 

Clay 

i» 

TkxTd     : 

170 

Clay 

II 

Soft    • 

179'   4" 

Boulder 

- 

Hard 

180'    3" 

Clay 

Drab 

Scft 

186 '11" 

Boulder 

- 

Hard     ; 

187'    1" 

Clay 

Drab 

S  &  K:     ■ 

208 

Sand 

225 

Clay 

Drab 

Soft 

228 ' 

Sandy- clay 

Ylhito 

Soft     ■ 

248 

Sand 

Rod 

FroG 

265 

Sandy-clay 

White 

Soft 

293 

Sand 

Red 

.  ;   Froe     ■ 

307 

Clay 

White 

;                 ..     Soft 

332 

Sandy- clay 

White 

Soft 

567 

G-rnvel 

•■        - 

369 

Cl-y 

White 

Soft 

373 

Gravel 

ti 

„. 

387 

Clay 

Yell  01': 

It 

391'    7" 

Rock 

391'    7" 

373-387         Same  as  Davison's 

SICiET  NO.   49  LINE  NO.   14 


U.    3.   COAST  GUARD  DEPOT 
Curtis  Bay,  Maryland 


¥Jell  No. 

Size:                            Depth:     192.62' 

Elev,:      22  ft 

Drillc^r: 

Drilled: 

1-0^ 

G.   L.  - 

28' 

Sandy  clay 

62.85 

Hard  v/hite  claj'' 

82.65 

Sandy  clay  -  brovm  streaks 

88 

YJhito  sand  drilled  hard 

89,5 

Hard. clay 

93 

Hard  sand 

97 

Very  hard  clay 

SHEET  NO.   49  LIKE  NO.   14 


U.   S.   Coast  Guard  Depot 
Curtis  Bay,  Maryland 


(Continued) 


97  -  113 
123 
134 
140 
143 
146 
147 
1^2 
154 
161 
164 
165 
167 
167 
169 
175 
178 
179 
182 
184 
193 
195 


.75 
.25 
.75 
.85 
.25 
.75 
.75 


Fine  sand 

Hard  &  soft  streaks- 
Sand  &  gravol  -  good 
Hard  &  soft  stroaks 
Free  brov/n  sa.nd 
Hard  bro^m  sand 
Hard  white  clay 
Hard  sund 
Sandy  clay 
Hard  white  clay 
Sandy  clay 
Hard  place 
Sandy  clay 
Hard  place 
Sandy   eluy 


Hard  clay  ; 

Harder  clay 
Sand  ....  ,    '^ 

.25        FroG  broiAjn  sand 

Very  hard  red  clay      .   - 

Large  gi-avel  &  sand  yjater  bearing  stratum. 
Clay 
Screen  placed  at  185.37  -  192.62 


SHEET  NO.    50  LEnJE  NO.    11 


U.   S,  Industrial  Alcohol, Go. 
Curtis  Bay,  Jferyland 


Well  NO. 

749' 

Size: 

Driller: 

Shahhahan 

Log 

0-5 

Sand  &  gravel 

25 

Sand 

60 

Clay 

68 

Sand 

84 

clay 

90 

Sandy'  clay 

111 

Saftd 

112 

Clay 

134 

Sand 

158 

Sandy  clay 

164 

Sand 

173 

Ylater  sand 

,Depth;     279-295  ft.  Elev.: 

Drilled:   1917 


-   253   - 


trif 

SHKET  NO.    50  LDffi  NO.    11 

U.   S.   Indus 

il  Alcohol  Co. 

Curtis  Bay, 

Maryland                               (Continued) 

X.OS 

173-   180 

Red  clay 

209 

Sandy  clay 

228 

Sand 

234 

Clay 

260 

Sandy  clay 

262 

Gravel 

272 

Sandy  cl^iy 

298 

Water  snrLd-:  ,,.\.  .'.  ..;„.;  , ..:..,'' J,  ,  v;'. ':,._ 

302 

Sandy  clay 

SliSET  NO.    50  LINE  NO.   15 

,U,.  o,    Indtistrial  Alcohol  Coi  '  •      '■•  ,-'..'      .-.,■;  .:    ' 

'Curtis 'Bay,  Maryland  "-■  .■-•, 

Well  No.      751       Sl-y.ei  Depth:  289-305  ft.     Elev.: 

Driller:     Shannahan  -  ■  ■■  "'■ .    '    '■  '■■■  Drilled:  "  1/1917 


Lof?; 

0      -        15' 

Sand   &  gravel 

16 

Fine  ; 

3andy  white 

clay 

23 

Sand  c 

3t  gravel 

27 

White 

clay 

49 

Hard  i 

3and 

74 

Clay 

84 

Sand 

108 

Red  clay 

122 

Sandy 

clay 

137 

Sand 

160 

Sandy 

clay 

201 

Red  clay 

aOl-9 

Rock 

209-5 

Sandy 

clay 

209-11 

Rock 

2S1-6 

Clay 

232-4 

Rock 

235-7 

Clay 

•■■■■  ■.,/ 

236 

Rock 

.';  .  " 

^     . 

236-8 

Sandy 

elaj'- 

237-3 

Rock 

238-7 

Sand 

253 

Sandy 

clay 

253-4 

Rock 

255-5 

Sand 

255-9 

Rock 

260-2 

Clay  -. 

ffith  rocks 

273-9 

Sandy 

clay 

-  254  - 


SHEET  NO. 

50  Lnii;  NO.    13 

U.   S.  Industrial  Alcohol  Co, 
Curtis  Boy,  Maryland 

(Continued) 

Lo/? 

273-9  -   277-6 

Sandy  cloy 

279-6 

IThito  clay 

285-4 

Sandy  clay 

304-2 

Free  snnd 

309-4 

Sandy  clay 

SHEET  HO, 

.50  LIKE  NO.   15 

U.  S.  Industrial  Alcohol  Co» 
Curtis  Bay,  Maryland 

Well  No.:  1154    Size:        Depth:    431     Elev.: 

Driller:  Drilled:  5/1920 


L2£ 


5  Sand  &  gravel 

25  Sand 

60  Clay 

68  Sand 

84  Clay 

111  Sandy  clay 

112  Clay 
134  Sand 

158  Sandy  clay 

154  Sand 

173  Water  sand 

180  Red  clay 

209  Sandy  clay 

228  Sand 

234  Clay 

260  Sandy  clay 

262  Gravel 

272  Sandy  clay 

298  Water,    sand 

302  Sandy  clay 

312-6  IThite  sand  viith  water 

316-6  Hard  \ivhitia  sandy  clay 

324-9  Water  sand 

327-9  Clay 

334  Sfand  white 

335  Clay 
341-6  Free  sand 
347  Red   clay 


I 


-  255  - 


SHEET  HO.  50  LINE,  NO.  15.-  . 

U.  S.  Industrial  Alcohol  Co.         •   -       '        "  • 
Curtis  Bay,  ]\feii^'lan.d  (Continued)   ■-       ■ 

Lo£     ,  * :    ■■  ■    ■  '  '■  ■    ' . 

347-  354  Clay  with  sand  streaks  • 

357-6  Red   clay  hard 

386  Gray  and  white  clay  with  wood  and  sand  streaks      ,.:.  ■■ 

395  White  clay 

401  Soft  formation  of  granite  having  mica  and  seme  gravel 

425  Sane  formation  without  gravel  getting  harder 

431  Rock  quite  hard 

SHEET  NO.   50  LINE  HO.   17   ■         ' ■ 

U.  S.  Industrial  Alcohol  Co. 
Curtis  Bay,  Marj^land 


Well  No. 

1324 

Size; 

Depth: 

Elev.: 

Driller: 

Drilled: 

1923 

Log 
0-10 

Mixed  earth 

57 

Sand  &  gravel 

66 

Clay 

■  > 

78 

Sandy  clay 

89 

Hard  clay 

99 

Sr.ndy  clay 

■  ■•" 

lOS 

White  clay 

*  • 

122 

Water  sand 

■ 

' 

132 

YJhite   clay 

142 

Red  clay,  some 

iron 

178 

Red  clay 

178. 

5 

Boulder 

193' 

4" 

Gray  clay 

194 

BoiJ.der 

196 

Red  clay 

228 

Sand 

244 

Clay 

295 

Water  sand,  water 

heads  59', 

228  gpm: 

-  256  - 


SHEET  NO.    50  LIME  N0«   18 

U.   S,  Industrial  Alcohol.  Co, 

Ciortis  Bay,  lilarylend  '''-'   -'    '  '    \.'  ■'       '   ''     ' 

228  ft.         Elev.: 

Drilled:     1923 


Well  No.      1325 

Size:                          Depth:     : 

Driller: 

Log 

0-10 

Mixed  earth   ' - 

81 

Gravel                                        - 

33 

Hard  white  blay               "/  ' 

51 

Gravel                                 ■''  ■•  '-■ 

52 

Boulder                              '■  '■ 

62 

TiThite  clay 

67 

Sand  &  gravel  . ..       ; J;..,.-:,. 

74 

White  sandy  cloy 

79 

White  clay 

81 

Vrhlte  sandy  clay 

89 

Hard  white  clay 

99 

White  sandy  clay 

122 

White  sand   (80  gpra) 

137 

White  clay 

143 

Rod  clay 

149 

Gray  clay 

175 

Red  clay  176-3  -  -  176-10, 

182  1/2 

Gray  clay 

193 

Boulder 

195 

Red  clay 

228 

Sand  &  gravel,  water  heads 

57«   -  -  200  gpm 

i 


I 


-  257  - 


SHCET  NO.  50  LINE  NO.  19 


U.  S.  Industrial  Alcohol  Co. 
Curtis  Bay,  Maryland 


Well  No.:   1326 

Size:         De] 

Drill 

er : 

'  ■ 

Lo^ 

0  - 

26 

Mixed  earth 

34 

Clay 

53 

Sand  &  gravel 

54 

White  clay 

67 

Sand  &  gravel 

72 

White  clay 

78 

Sand 

80 

Sand  \\rith  hard  clay 

96 

Sand,  gravel  &  vjater 

102 

Clay 

120 

Water  &  sand. 

127 

Clay 

134 

Red  clay 

138 

Sandy  clay 

144 

Red  clay      •  ■  •;, 

149 

Gray  clay 

180 

Stone 

190 

Clay 

191 

Stone 

194  ■ 

Clay    ■  •  ■■' 

196  1/2 

stone 

EGO 

Clay 

219 

Sand  &  clay 

244 

Water  &  sand 

252 

Clay 

258 

Sandy  clay 

284 

Sand,  lost  vrater 

285 

Clay 

299 

Water  sand 

301 

Clay    ■   •    ■   ■ 

306 

Sand 

311 

Clay 

336 

VJater 

327  ft.    Elev.: 

Drilled:-  1923 


Stopped  on  clay 
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SHEET  HO.  50  LIKE  NO.  22 ■ 


U.  S.  Industrial  Alcohol  Co. 
Curtis  Bay,  I.fer5''land 


VJell  No.:-  * 

<i540 

Size :    '  '  ■ 

Driller': 

Lop 

38  -  39« 

Clay 

40 

Sandy- 

65 

Sand  &  clay 

67 

Clay 

90 

Large  gravel 

98 

Hard  white  clay 

103 

Sandy 

118 

'Reddish  sand  free 

130' 

9" 

Fine  sand 

131' 

2" 

Clay 

141' 

2" 

Free  ssiiid 

143' 

9" 

Clay 

Depth:  118-138  ft. 


Elev.":; 
Drilled: 


1935 


SHEET  NO,  50  LI1\'E  NO.  23 


U.  S.  Industrial  Alcohol  Co. 
Curtis  Bay,  Ivlarj^land 


Viell  No.: 

3700 

Size:         Depth:  227 

Driller: 

Shannahan 

Log 

0  -  54' 

Hard                   '  '  ■ 

77 

Sand,  gravel  ■.&  clay 

90 

Hard  clay 

111 

Sandy  clay 

111' 

2" 

Hard  place 

133 

Sandy  cloy 

138 

Very  hard,  9:30  B'l  to  2:20  AM 

140 

Hard  clay 

140' 

6" 

Hard  15  min. 

147' 

5" 

Streaky 

179* 

5" 

Clay 

181' 

4" 

Hard  boulder.  8:45  Mi       9:25' 

194' 

2" 

Clay 

195' 

Boulder 

198 

Sandy  clay 

226 

Stnd 

Elev.:  .  ■;' 
Drilled:   1939 
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SHEET  NO.    50  LINE  NO.   24 


U,  S,  Industrial  Alcohol  Co. 

Well  No. : 

New  3929   Size: 

Depth:  300  ft.  Elev.^:" 

Driller: 

Shannahan 

■  Drilled;  1940 

Lof^ 

10^ 

> 

0.44 

Sand,  clay,  sand  & 

187 

Sandy  clay 

gravel 

193 

Sandy 

65 

Free  sand 

193'  4" 

Rock 

66 

Clay 

193 » 11" 

Sand 

69 

Gravel  &  sand 

194 

Rock 

70 

Clay 

196 

Sand 

72 

Sand      .  ,...  :  . 

202 

Sandy  clay 

72  •  6" 

Clay 

202'  1" 

■  Rock 

77 

Fine  gravel 

202*  6" 

Sand 

84*  6" 

Hard  clay 

204'  4" 

Crusty  rock 

85  ♦  6" 

Sandy  clay 

204' 10" 

Clay 

88»  6" 

Free  sand 

207 

Rock 

91'  6" 

Clay  hard  9Ii«  6"  cloy 

209 

Sand 

hard 

209'  5" 

Rock,  hard 

104 

Free  sand 

211 

Rock,  softer,  crusty 

105 

Sandy  clay 

214'  9" 

Free  sand 

107 

Sand 

215'  6" 

Crusty 

116 

Sandy  clay 

227 

Sandy 

122»  6" 

Free  sand 

243 

Freo  sand 

123 »  6" 

Clay   129*  6"  sandy 

255 ♦  5" 

Sandy 

clay 

274'  8" 

Free  sand 

148 »  8" 

Red  clay,  hard 

275'  5" 

Rock 

159'  a" 

Sandy  clay 

280'  1" 

Free  gravel 

166'  3" 

Clay 

280'  3"- 

Clay 

174'  3" 

Hard  red  clay 

288 

Free  gravel 

•  299  .   - 

Free  sand 

300'  6" 

Hard  red  clay 

-   260  - 


SHEET  NO.    51  LIKE  NO.    19 


U.   S.  Industrial  Chemical  Co. 
Chen.  Plant,.  Fairfield,  Md. 


Ihill  No.      5023  #  1         Size:      16  in.  Depth:    'SOS  ft.     felov;   10-15  ft. 

Driller:         Shannahan  Drilled:   1936 


Log 

0 

-   15' 

Yellov/  &  gray  clay 

36 

Largo  gyav'ol 

40 

vJhito  sund 

54 

WhitG  clay  touch  &  sand  streaks. 

60 

Free  sand  v/hite                                  ;  ^\ 

66     '■ 

Whit.e  sandy  clay 

76.85 

Freo. whits  sand 

76.85  80.00 

Hard  place  6" ,   10  min.  4  l/2"  bit 

100 

Sandy  clay,   seme  hard 

113 

Freo  sand  white 

153,2 

Ht=d  ulay  .                                                      ' 

154.4 

Hard  13"   1/2  hr.   4  l/2  bit  ' 

157.5 

Sand         . 

182                •         . 

Crust,   ;bhen  free   sand,   some  coarse  sand 

213 

Sandy  clay 

216 

Hf'rd  clay.v/hite 

218 

Free  sand  white 

224 

Sandy  clay' 

226 

Hard  el ay 

227 

Clay 

242 

Sand  mth  some  very  coarse  gravel  in  it 

243        '    ■ 

Clay 

249 

Gravel  free,   lost  good  bit  of  mud 

258 

Hard  white  clay 

261 

Sand  free 

• 

269.7 

Clay  &  sand  streaks 

271 

Hard  clay 

276 

Softer  clay,  white 

306 

Hard  clay 

261  -r. 


SHEET  NO,  51  LDJi:  NO.  20 


U.  S.  Industrial  Chemical  Co. 
Chem.  Plant,  Fairfield,  Md, 


VJell^No.: 

:   6842 

#2 

Size:       Depth:  360.5  ft. 

Elev-.:  10-15  ft. 

Driller: 

Shannahan 

Drilled:  1938 

Lor 

. 

20 

Clay 

40 

Gravel 

64 

Hard  clay 

66 

Sand                -'■ 

80 

Hard  clay  -  ■    -  ■     ■ 

92* 

6" 

Sandy,  free  • 

94» 

8" 

Heird  sand 

107' 

5" 

Sand  free  ■ 

111 

Hard  sand 

127* 

5" 

Softer       ..... 

168' 

4" 

Hard  clay  ■' 

171' 

4" 

Iron  ore,  terd 

179 

Sand,'  not'  free 

180 

.'-"'   ■ 

Hard         ".•'■■ 

199 

Sandy,  free  in  places' 

201 

Hard,  place 

215 

Sandy,  not  free  ' 

247': 

LO" 

Harder 

248': 

10" 

Yellow  sand,  free   - 

253» 

7" 

Red  sand,  free 

253' 

8" 

Hard;  iron  ore     ■......'.' 

257 

Red  sand,  coarse,  free 

258 

Clay 

*  ■■  -   "            •  - 

267» 

4" 

Sand  £:  gravel 

J.     -          ■ 

268 

Hard  iron  ore 

265» 

7"- 

Sand  k   gravel      •  -     ' 

274 

Hard  iron  ore 

290 

Sand,  not  so  free 

304 

Hard  clay 

305 

Harder  ■  ■  ' 

310 

Sandy  clay 

318 

Blue  clay 

334 

Sand'      "■   ■  ■  ■ 

344 

Sand,  free  in  places 

354 

Gravel 

356 

Streal:  of  clay 

361 

August 

1939 

Top  of  bed  rock 

CI 

9 

■  Hardness 

10.6 

pH 

5 
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-• .  ■  SHEET  NO.    52  LINE  HO.   11     :,       ,  ,, . 

U.    S.  Revenue  Cutter  Servico  ^  '    '■■■■  •.■   ;■ 

Arundel  Cove,  Anne  Arundel  County 

Well  No.:     Size:    6  in.  Depth:     198  ft.  •'  Elev.:   15  ft. 

Driller:         Shannahan  Drilled: 

Log;  •      '"■■ 

0-5  Clsy  yellow  soft 

12  Sand  yellow  soft' 

15  Clay  blue  soft  ■- 

19  Sand  yollov;  soft 

26  Mud  black  a  oft  ."■     ' 

35  Sand  v;hite  soft  -   ^'  ■ 

60  Clay  red  white  hard 

78  Clay  rod .  hsird  .      .  ' 

88  Sandy- c  lay  v?hito  aoft 

122  Sa'nd  white  free  " ;     : 

125  Sand  brovfnfroe 

135  SfiBd^hite  freo 

140  Sandy-clay  vihite  soft 

144  Sandatqno.  white  hard 

170  _       Sandy  clay  v;hite  soft  &  hard 

172  ■    '■      Sandstone  very  hard  ^;    •' 

177  Sandy. clay  white  soft 

181  Rock  very  hard 

183  '    '■      Clay  white,  hard  .'; 

189  Sand-gro.val  white  free 

SIIEST  NO.    55  LINE  NO.    14  ..      ,    ; 

C.  E.  Weaver  ,       '  •  ^.    ,    ' 

Harford  Road,  Nr.  Weber  Park 


I 


Well  No. 

Size:   6  In.        Depth: 

203  ft. 

Elev,: 

Driller:   C 

.  Hoshall 

Drilled:  1907 

Lof; 

" : 

0-40 

Yellow. sandy  clay 

55 

Quicksand 

80 

Coarse  sand  &  gravel 

203 

Mica  rock:  cuts  nic- 

oly  ■ 

. 
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SHEET  NO.  53  LINE  NO.  15 


H.  A.  Weaver 

Harford  Road  Nr,  Weber  Park 

Well  No.:    Size:   6  in,  .. 
Driller:   Clnrk  Hoshall 


Depth:  112  ft. 


Elev;..:.- 
Drilled: 


0  -  44» 

55 

70 

100 

112 


Yellow  sandy  clay 

Quicksand 

Coarse  sand  &  gravel 

Very  hard  rock 

Very  s oft  rock 

Very  hard  rock 


SHEET  NO.  54  LINE  NO.  3 


Weiskittla  Foundry 
Lombard  &  8th  Street 


Vie  11  No.; 
Driller: 


5i3£ 


6  In. 


-Depth:  aez   ft,. 


Elev.:  ,  ,'■;•  .^ 
Drilled:  1903 


12E. 


150  -  200'  Sand  &  gravel  white  (Potomac) 
204   Potomac  to  gneiss 
Gneiss 


245 
250 
263 


Gneiss  v;ith  much  muscovite  &  garnet, 
SHEET  NO.   54  LINE  NO.  8  .  .■ 


YTostern  Electric  Co, 
Point  Breeze 


Well  No.:   2    Size: 
Driller:  Layne  Atlantic 


Depth:  294  ft. 


Elev. : 
Drilled:  1930 


Lop; 

Elevations  referred  ti 

+8.05 

-  3 

Fill 

7 

Clay 

.  18 

White  sand 

^ 

■'54 

R 

Red  clay 

65 

Sandy  clay 

90 

Blue  clay 

108 

Fino  sand 

192 

Buck  shot  clay 

214 

Soft  red  clay 

240 

Hard  clay 

260 

Brown  clay 
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SHEET  NO.  54:  L-INE  MO. -8. 


Western  Electri 
Point  Breeze 

c  Co, 

VI  ell 

No.:   :^- 

c 

'-      -(Continued) 

Lop; 
260 
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304 
313 

Red 

Sane 

Red 

cloy 

[  &  gravol 

clay 

SHEET  NO. 

54  LEIE  NO.  7 

Tlestern  Electric  Co. 
Point  Breeze 


Well  No,  1   Si 

ze:              Depth:  301  ft. 

Elev.:, 

1 

Driller:    Lay 

ne  Atlantic 

.Drilled:  1930 

'J 

Leg    Elevations  referred  to  M.L.W,  as  0.00 

1 

+8.05  -  102 

Sand,  clay  &  gravel 

1 

.   117 

/Hard  red  clay 

15i 

Hard  yellov;  sandy  clay 

161 

Hard  sand  &  gr-avel 

177 

Fine  brovm  sand         :  i.  ■'   ■ 

181 

Sand  &  gravel 

200 

Hard  soapstone 

202 

Hard  sand 

207 

Soft  red  clay ; 

223 

Hard  pan 

233 

Hard  sand        ^-  '■  ..          .' ■.-■■■•-... 

237 

Clay 

258 

Sand  &  gravel 

*   .  ■   ■  ■  '     .  .  ^.   . 

252 

Clay 

301 

Sand  &  gravel 

;  ;  i-    •■   •  •  ■ 

'■'  -  "  SI-IEET  NO.  54  Lllffi  NO.  12 

Western  llaryland  R.R, 

Near  Hanovor  &  McComas  Streets 


Well  No.: 

Size: 

Driller: 

Lop 

+3-0 

Earth 

15 

Gravel 

21 

White  sand 

23 

Brovm  clay 

47 

Rod  clay  & 

iron 

57 

Fine  sand 

Depth:   60  ft.  "    Elev.:. 

Drilled: 
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AFPENPn:  IV  .  - 

Computation  of  Pressure  Relief  in  Horizon  JB    .     ,j, 

In  order  to  compute  the  pressure  relief  in  Horizon  B  at  various 
distances  from  Sparrows  Point,  Maryland  the  following  assumptions  are 
made,  v      ."'""• 

1,  The  whole  of  Sparrovrs  Point  functions  as  a  single  well  .i. 
with  an  estimated  diameter  of  SOOO  feet. 

2,  The  average  drawdown  at  Sparrovjs  Poi'nt  is  15b  feet  when 

the  drawdown  at  the  Bay  Shore  Park  well  three  miles  ea.§;^;, ..,.,: 
is  68  feet.  ■.:.:.::''■': -'^    -••■■'  '■^'- ■■"■'  ' 

5.  The  aquifer  is  unlimited  in  eoctent  and  uniform'  in  thick- 
ness and  pernieability,  .,  ,,     .  j- 

Assuming  Darcy's  law  applies,  the  velocity  in  the  aquifer  at  -any^, 
point  around  the  well  field  is  propoj*tioi;al  to  the  slope  Of  the  pres- 
sure relief  curve  at  that  point.  Using  this  fundamental  law  the  re- 
lation between  the  distance  from  the  well  and  the/axiiount  of  relief  is 
derived  as  follows.  ._  ..'■'■■'-- 

Let:  .■'■..:■ 

Q,  =  flow  toward  well  through  any  pie- shaped  segment  of 
the  aquifer.  : .  .■  ■ 


K  =  coefficient  of  permeahility, 

a  =  cross-sectional  area  of  pie-shaped  segment  at  ahy- 
distance  X  from  the  well.  ,.,.•.  ,    :  ' 

s  =  slope  of  the  drav/down  curve.     ;. •, 

t  =  thi'ckriess  of  segment,  .,,^    :,  -.■'■•'-■:■• 

h  =  drawdown,  or  pressure  relief. 

X  =  distance  from  the  well. 

R  =  radius  of  the  circle  of  influence. 

'^l'  ^2  and  C5  =  constant. 
Darcy's  law:       Q  =  K  a  s 

a  =  Cifi  X  t 
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S 

dx 

Q. 

s 

K  Citf  t 

X      ^^~ 

.    X 

dh 

= 

KCifft 

dx  ■     ■- 
x  , 

Let  Q- 


K  Gift 


02 


dh    =    -  02  .^  -  '    .:■  ■ 

X 

h     ='    -  Ci  Loge  3C  +  03  -  ■■.'■-: 

changing  logs  and  rewriting  *  •  ■  ■ 

h    =  -  a  Log  X  +  b     "         ■  ■  '■       ♦" 

vJhen  X     =     2000  ft.  b     =     150  ft, 

vjhen  X    =16000  ft.  b     «'      68  ft,      '    ^      ■ 

•      "     ■150'   =  -  a  3.501     +  b     ^ 

63     =  -  a  4.a04     +  b  ..■.;■ 

8a     =       a      .903 

.903  -■■_       ■ 

b     =     150  +   90.8  X   3.501     =450 

Thus       h     -     -  90.8     Log  sc' +  450  ■         : 

This  equation  is  used  to  conpute  the  pressure  relief  h,   for 
assuraed  values  of  x  shovm  in  Table  XI  page  39, 

Ifhen  h    =     0     X     =     R    =  '  radius  of  the  circle  of  influence. 

Log  R     =     -^2-    ^     4.96 
90.8 

and  R     =     91,200  feet       '^  ■■■.■■. 

or  R    =     17  railes 


I 
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.-SPPEtffilXV' 


Computation,  of  the  Distanco  from  the 

Foot  of  Risor  Pip6  tpTK  O^ing  Leak ':'•:'" T''  7 

When  high  chloride' water,  ieVenlberins  through,  a  easing' leak  bo- 
low  the  foot  of  the  riser  pipe, the"  leak  may  be  located  by' puraplng  and 
chloride  testing  after  a  period  of  shut-doTOi,     The  distance  frbm  the 
foot  of  the  riser  pipe  to  the  casing  leak  may  bo  'computed; as  follows: 

. ■.  ■  ■   ;.;.■..;  ■     Let.'Q  .=  ,,tho  rate,  of  .pmapii^g.  in.  g.p.m. ;     D,   the.  casing 

digneter  .in  .inches;.^  d^, ;  the  riser  pipe; diaheter  in  inches;^    t, 
the  time  in  seconds  between  the  'first  appearance  of  v/ater  at 
•  ■■      the,  surf  oce  and  the.  sharp:  x'iso.  ir,  chlorides]     L,   the.  length 

.    of  the;  .riser  pipe;  .H,  .the  static  level"  meaisured  fron'the  surface; 
h,   the  dynamic  level  measured  from 'the  _surf ace,,  and  X;,    the.  distance 
from  the  foot  of   the  riser  pipe  dcvm'to  the  leak,   all  vertical  dis- 
,    ■■     -tances  measured  in  feet,   .  See,  Eig.vir.e  ,30,  . ..  ...  ,^    ... 

E.Qua.ting:  the,-  volume..,puiiped  ,bqf  pre  the  tippcatance;  Of  ;;high  ; 
■    chlorides,  to  the  ,volur.ie,-  of- 'fresh  water  that  must  ;be  'displaced  to 
.  draw  contar.iinat!]4"  water  to  the  surface;; the  f-ollowing.  expression 
.-    ,,      is.  obtained.:  -     ..  .....        .,  .     .,,_.  ■...,   ,  ..     ..'  ..  ■-       .,        7,,.  '• 


Qt 


7.48  X  60 


4  X  144 


(h  -  H  +  X)     +  J2Zli£«(L-h) 


4  X  144 


The  significance  a"  this  equation  is  as  follows: 


(Yolumo  of 
(water  pumped 
(before  first 
(rapid  increase 
(in  chlorides. 


(Volume  of  water  in) 
(easing  betvreen  ) 
(static  and  dynamic) 
(levels  and  between) 
(foot  of  riser  and  ) 
(the  leak,  ) 


from  which  X 


£ii£g_£i    +     d2      (L.h)     +      (h-H) 


(Volume  of  water 
(in  riser  between 
(dynamic  level 
(and  foot  of 
(riser  pipe. 


The  above   equation  reduces  to 

.      0.408  qt     =     D^   (h-H)   +  d^      (L-h)     +  D^  X 


When  tlie  pump  is   started  the  vxater  rises  in  the  casing  below  the 
pump  intake  as  the   free  water  surface  outside  the  riser  pipe  falls. 
If  the  leak  is  close  to  the  foot  of  the  pump  intake  salty  water  may 
flovif  up  the  riser  before  the   full  drawdovTO  has  developed  and  the  re- 
sists iffill  be  seme what  in  error. 


If  the  leak  is  above  the  lower  end  of  the  pump  intake  the  above 
equation  will  not  apply  and  the  volume  of  water  pumped  before  the  ap- 
pearance of  high  chlorides  will  equal  the   internal  capacity  of  the  riser 
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pipe  fron  the  static  level  dovmward.  •■  That  is 

(L  -  H). 


at ^  tT  d^ 


7.48  X    60       -  4  K   144 

(Volurae  of   .  )      .,,  (Voluiiie  ,of  vrat.ej?.  )■  .,  .    .  ■ 

(yjater  puraped   )  .  .     (in  the  riser.  pi3>e)  . 
.'{before  first  )  _   =  ,.  ■  (IdgIov;  the  ,  ,.    .):  ■.        ... 
(i-anid  increase)       ;(3t.atlc  level,    )  ... 
(in  chlorides.  ) 

In  this  case  it  is  impossible- to , -locate  the  level  at  -v/hich  the 
"casinG  is  leaking  by.  the  :-)urapinfi  and  chLoridie  testing  method-. 

If  X  equals  the  distance,  from  the  foot  of  the  jump  intake  to 
a  point  not  far  above  the  top  of  the  screen,  leakage  outside  the 
■ca,sing  should  "be  suspected,     ,      ,.   ._     ,   .    ,   .• 

If  the  equation  f or  X  gives  a  value  considerably  greater  than 
the.  distance  from  the  foot  of  the  intake  to  the  bottom  of  the  vrell, 
then-  the  leakage  is  at  a  nearby  well  or  gravel  conductor.  ■  In  this 
case  the  volume- of  vrater  that  must  be  removed  from,  outside  the  screen 
'in  order  to  draw  leakage  water  into  the  Tvell  is  equal  to  tho^  difference 
between  the  left  and  right  hand  members  of  the  first  equation,  when  X 
is  set  equal  to  the  depth  of  the  well  less  the  length  of  the  riser.. 
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rfOh-. 

I 

H 

f 

=^^= — 
1 

i 

L 

\ 

f 

d 

■ 

\ 

f 

D 

1 

X 

>► 

SAMPLING    POINT 


STATIC    LEVEL 
UPPER   FORMATION 


STATIC    LEVEL 


DYNAMIC    LEVEL 


LEAK 


Fig.  30  Symbols  Used  in  Computing  the  Distance  from  Foot 
of  Riser  Pipe  to  Leak. 
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;,.-  :.     •■-:.•.,    .  .■...;,   •  AEPEisroix  .VI-'  .  -     •  ;  ■    ■■ 

The  Ei'foct  :       ■        :  . 

of  Variations  in  Pimping  Rates 
on  Chloride  Content   in  a  Leaking  Well  ■ 

Tho  follovdng  computations  show  the  effect  of  different  pumping 
rates  oh  the, chloride  content; of  the  aixturo  of ■ contaminated  and  frSsh 
water  withdravm  after  all  the  s hut doi,vn  leakage  has  been  flushed  from 
a  Well..    Calculations  aroalso  presented  to  shov;  hovf ,  the  amount  of, 
Icalagc  may  be  ■determined:  if  the  ^latural  chlorides  for  the,  tvjo:  Aquifers 
inTolyod  are  known.  ■.■;..,,,'■  -'     .      ■       "' 

The  assumed  conditions  are  as  follovjs: 

Upper  Aquifers     Static  head  IGO  feet- below  the'  surface,   drawdown  due 
to  leakage  negligible,  and  chloride  content  of   the  shallow  water  2000 
p. p.m. "_ 


LOTjJcr  Aquifer  and  Uell:     Static  head  175,feet  below,  surface,   specific 
deij.iverj'-' 20  gallons  per  roinuto  pot  foot  of .  drawdown  and  natural  chloride 
content  of  fresh  water  10  p. p.m. 

It  is  asstimed  further  thai  when' the  we  13.  is  puBiped  at  a  rate  of 
200  g. p.m.   the  chlorides  in  the  v;ater  .delivered  is, ,160  p. p.m.  , 

The  problem  is  to  dotbiroin.e  the  expected  chloride  content  of  the 
water  if ,  the  vrell.is.  Dumped  ,at  600- g, p.m.    ^  _    ■       .      -^ 

.Let     0,1  and  Q2    .-b.e 'the  freslji  water  flov/s '     ,  ,-  ..■,:..'; 

and  q^     and  qg,..,   the  leakage  from  the  upper  aquifer,         ^    -, 


then  Qi     "*■  1l     =5' 200     g.p.m. 


(a) 


and  0,2     +     qg"   =  600     g.p.m.,  (b) 

If  the  drawdown  at  200  g.p.m.   is-  10  .feet  the  drawdown  at  ,600  g.p.m.  ■ 
will  be  .approximately  30  feet,  .  ■■■;■, 

Let  H^     and  Eg     be  the  heads  that  produce  fresh  water  flovf,   that 
is,   the  drawdevms   of  10  and  30  feet.  ■.-.:.    ^ 

and  h^     and  hg       the  heads  that   produce  leakage 

h^     =     175  +   10  -   100     =     85  feet  _;  .•  .      '    ' 

hg     =     175  +  30  -  100     =     105  feet 
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Leakage  water  will  probably  enter  casing  perforations  or  move 
dov/n  leaks  outside  the  casing 'in' turbulent  flow.  For  turbulent  flow 
the  leakage  will  vary  as  the  square  root  of  the  head  difference  across 
the  leak.  Therefore.-:  .       .::■'■:.■:■: 


If  the  chlorides  in  the  upper  formation  are  iiot  knoxvn  there  is'ho 
way  to  figure  the  proportion  .of  fresh  and-  leakage  Water' at* the  200 
g.p.n.  pumping  rate- or  the.  true  .ratio  of  Qi 'to  Qg  ,  so  ..equations '(a) 
and  (b)  cannot  be  solved,  Eavjevev,   if  it  can  be  asaumed  that  the  pro- 
portion of  leakage  water  is  small,  0,2  will  be  approximately  3Q,i  and 
the  chlorides  at  the  second  pumping  rate  cart  be' calculated  as  follows: 

q.1  ■■■■.■-■-:  ;•■'/..':      ;■  :■■■.:.    ;  ■     :,..'„ 

-—    -     ratio  of  ,leakagei  to. fresh  water  at,  200' g. p.m.   • 

'41  .:  ^  ■.'.-■-■■■  - 

1.11  en 

=.  =  ratio  of  leakage  to  fresh  water  at  600  g.p,m^ 

Since  the  chlorides  of  the  nixtuire,  less  the  natural  10 "p. p.m.  will 
vary  icLth  the  dilution  ratios  the  chlorides  at  600  g. p.m.  will  be: 

(160-10)  ^;^:-»--.lQ-  ^  6S.&  p.p.m.   '      '   ' 

If  the  proportion  of  leakage  water  entering  the  well  in  .turbulent 
flow  is  large  this  vd.ll  bo  evidenced  by  the  fact- that  the  specific  de- 
livery v/ill  not  be  constant.  .Furthermore ^  in  this  ciase,  since^  the  q's 
are  large,  the  ratio  of  the  Q's  v/ill  be  considerably  increased  and  the 
chlorides  will  actually  decrease' more' rapidljr  with  the- larger  pump 
rates.  This  is  due  to  the  fact  that  with  high  leakage  rates  practically 
all  the  v/ator  at  lovr  pump  discharges  comes ;  from  the  leak  and  the  rela- 
tive increase  in  fresh  water  is  great  v/hen  the  puraping  rate  increases. 
Or  since  the  leakage  is  relatively  constant  .ccmparod.,to  .the. aquifer  flow, 
the  increase  in  dilution  ratio  will  "be  greatest  in  the  range  where  fresh 
water  is  first  pulled  into  the  well.  Furthermore,  the  pumping  rates  at 
v/hich  this  is  true  increase  v/ith  thcr  leakage'  rate. 

Now  assuming  that  the  chlorides,  have,  .been  determined 'as  £000;  and 
10  p. p.m.  respectively  in  the  upper  and  lov/er  strata,  the' ratio'  of' 
leakage  to  fresh  water  can  be  computed  from  the  160  p. p.m.  in^the 

mixture.       ....-■  ...^  ■  .  .-  :      ■  :■■   .  .'■  _;"'  '  - 

^1  X  2000  +  Qi  10 

qj_  .+  ■  -Q^     :~   ■".  ■      ■        ■■'      -'■■     ' 

2000  q_-^     -  160  q^   =   160  Q^.   "   10  Ql   ' 
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Si  =    1812   =   12.3  (d) 

ci-L        150 

Using  equations  (a),  (b),  (c)  and  (d)  both  values  of  q  and  Q, 
can  be  computed. 

Ql       -   12.3     qi     =  0   ■■ 
Qi       +  cii 


=  200 


13,3   q]_     =        200  q^^       =        15  g.p.m. 

therefore  Q,;j_     =  200  -  15     =     185     g.p.m. 

c;2     -  1.11  X   15     =     16.7  g.p,m. 

and  0,2     ~  '^'-'^  =-16.7     =     583.3     g.p.m. 

The  chloride  ccntent  at  the  600  g.p.m.  pumping  rate  will  there- 
fore be: 

16.7  X  2000  +  585  x  10   ,  55^5      j^,, 
600 

This  checks  the  value  estimated  on  page  202  and  illustrates  the 
fact  that   the  effect  of   increased  pumping  rate  on  the   chlorides  can 
be  accurately  estimated  v;ithout  knov/ing  the   leakage  rate   or  the   chlorides 
in  the  leakage  \vator  so   long  as  the  rate  of  leakage  is  small  in  propor- 
tion to  the    rate  of  pumping.     It  should  be  noted  that  the  head  difference 
across  the   leak  must  be  knov/n.     Although  this  can  seldom  be  measured, 
inaccuracies  in  as.sumed  static  head  at  the  source  of  leakage  have  rela- 
tively little  effect  on  the  computations.     For  example,  had  a  static 
level  of  50  feet  rather  than  100  feet  baen  assumed  for  the  upper  forma- 
tion the  estimated  chlorides  in  the  mixture  at  the  500  g.p.m.  pumping 
rate  vrould  have  been  found  as  follavs: 


155 
using  this  value 

(i60  -  10)      ii^l    +     10     =     6L3.5     p. p.m. 

The  difference  is  2  p. p.m.   for  a  static  head  change  from  100  feet  to 
50  feet. 


-  274   -■' 


,    •.      Since  the  relative  change  in  heads  across  the  leak  are  alv/ays 
smaller  than  the  relative  head  cliango  on  the  raain  aquifer,   ohloridos 
vjill  al\/ays  drop  tath  increasing  pump  rates.     If  the  leak  is  small, 
the  'effect  on  chlorides  will  be  approximately  the  •sam'e'''f or  either 
laminar  or  turbulent  flow  through  the  leak.     When  laminar  flow  pre- 
vails, the  leakage  varies  directly  vjith  the    increase  in  head. 
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APPENDIX  VII  -.;■ 

■     Ghlorlde  Calculations  and  Tests 

The  calculations  and  measurements  of  "resistivities  of  pure  -  -  ..■    .    .,. 
sodium  chloride  solutions  which  viore  made  in  connection  mth  chloride 
studios  are  described  here.    ' ..  '~-- 

Definitions  of  terms  and  equations  used  are  as  follows*   •- 

Specific  Resi-stanceV  r,  iS:  thfe'  resistance  of  a  unit  centimetor 
cube  expressed  inohms,-    •         •    •        ".  '.   .        '  '■    , 

■  Specific  Conductivity,  K,   Is  the  reciprocal  of  specific  resistance. 

Equivalent  Ccmductivlty,  H  =  KV,  v/herG  V  is -the  volume  of   solution 
containing  one  grsEi  equivalent  of  the  solute.  ^  "At  high  dilutions,  an  . 
almost,  constant  M  is  reached.     Values  for  concentrations  of  0.5  mil- 
equivalents   (.0005  N)   are   approximately  the  same. in  many  cases.     Values 
ot.quivalont  conductivity  ir.  rocipyocal  ohms  f-or  various  nil-equivalent 
pc;-  liter  concentrations  of  the   salts  commbnly"  found"  in  natural -iraters 
are  given-  in  Table  XIX.     This  table  has  been  condensed  from  those  of 
Washburn  and  Kl-eraeno   in  the  ■'International  Critical  Tables". 

*        '  ►        •  ',        ,  -."■■■-■'' 

Equations;  '  ■  ■ ':  '  .  '       ."  .•<■■-. 

'  v^       ;Rfl      .  ,  Ea   :;  -  .     '  . 

whero:     K  is: the   specific  conductivity;  r,   the   specific  rc&istance   in 
ohms;  L,   the  leiigth  of- current  path  in  en.;  a,   the  area  of  current  path 
in  ohms;  E,   the  electrode  potenti^il  difference  in  volts:;  and  I,    the 
current  in  amperes.  --The   cc'nductivity  and  resistivilty  cha*ngq  *with  tem- 
peratures accoroLi.ng  to,,  the  following  equations: 

'^"^^    =  -.-.:      MjL+b.(t-18)]    ./. 

whore:  K  Is  th.e  spe.cific  conductivity  at  any  temperature  t  in  0°, 
Kng,  the  specific  cg'nduct.ivity  at  18°C ;  and  b,  the  coefficient  that 
depends  on  the  salt 'and  its  concentration. 

b     =     0.02  to  0.025     for  salts  and  bases 

b-    =■ 'COl.  to:  0,016' ■    for  acid?  '  -.: 

For  pure  dilute  NaCl  solutions  b  =  0.E5  approxima.toly  and  de- 
creases slightly  with  increasing  concentration.  Thus  the  increase  in 
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conductivity  is  about  2.5  per  •eerrt~'p(5~r  degree  centigrade  in  dilute 
solutions  at  normal  .teiaparatures »-,:,;      •:,,  .  r     ■.  -ur-. 


Since  M  =  KV  and  K  -■■■■=• 
r' 


it  follov/s  that 


M  ='■  X''  :or  r  =  J  :/:.:.:  :: 

r  —      M    ,  ..-■  .  ■         .  :. 

Calculations;     ■  ■'■■ 

Using  the  above  equations  and  th6  values  of  M  given  in 
Table  XIX,  the  resistivity  of  electrolytes  at  various  concentrations 
inay  bo  calculated  as  follows:  Assume  solution  contains  a  given  amount 
of  salt  expressed  in  p.p.m^  The  mil- equivalent  ;per  liter,  C,  of  this 
solution':  is-t         •  >  ■  ■  ■■■- 


C  = 


(p.y.ra. ) 


Equiv.  wt.  of  salt 


and  the  ml,  volume  of  solution  containing  1  gn  equivalent  weight  of 
the  salt  is: 

V  =  equiv*  }'''^*   of  salt  ^   -j^qG 
■■('p.p.ia.T 

The  equivalent  conductivity  M  in  reciprocal  ohms  is  taken  from  Table 
XD:  for  the  values   of  C,  and  the  resistance   in  Ohms  calculated  from 
the  equation: 

„     _     V 


Solutions  containing  arbitrary  amounts  of  NaCl  in  distilled 
v/ater  were  made  up  and  tested  for  chloride  content  and  resistivity 
at  the  Montcbollc  filter  plant  using  the  laboratory  standard  silver 
nitrate  solution.  Temperatures  of  the  solutions  v;ere  not  accurately 
measured  but  were  approximately  25°C,  The  resistance  was  determined 
with  an  Industrial  Instruments  Company ,  Model  W ,   conductivity  Bridge 
and  a  conductivity  cell  whose  constant  vras  0.998.  This  equipment  was 
loaned  by  the  Bethlehera  SteeL Company.  It  is  a  vfhoatstone  bridge  which 
gives  the  resistance  in  ohms.  The  cell  constant  has  been  assumed  to 
be  1,0  in  the  follovring  calculations.  The  measured  chloride  ion  con- 
tents and  resistances  arc  shown  in  Table  "JDZ* 

Resistances  for  the  measured  a-icunts  of  cliloride  ion  stated  in 
Table  XX  are  calculated  for  18°C  and  25°C.  Computations  are  shovm  in 
Table  }IXI  and  the  measured  resistances  are  repeated  for  comparison 
with  the  calculated  values.  See  columns  (8)  and  (9)  Table  XXI.  The 
discrepancies  between  the  calculated  end   measured  resistivities  may 
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TABLE  XK 

Measured  Concentration  arid  Resistance  of 
Pure  Salt  Solutions  Containing  Various 
Anounts  of  Chloride 'Ion 


Solution 

CI"      .:■ 

Rcsistipnce 

Tenp* 

No. 

p.p.n. 

.;       ohns 

"0 

1 

10500 

32   • 

:..;.:  .^^::t.: 

-  2-  ..  • 

■  2100 . , ;  . 

-   ,  .   -160 

,..  .25  1 

:5      :      ';: 

.1050. 

:  .  ■  '^15..  ■.,. 

•25^t: 

4 

205 

1450 

85.ij: 

5 

104 

'  •;  ■..2800,.. ..•,.. 

..  25  i 

.  6  _  , 

41 

6800 

25.+ 

7 

24 

11700 

25 -1' 

8 

11 

'■  '23000-  •- 

■    25  1 
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be  due  to  slight  terlperature  variations  anong  the  different  salt  so- 
lutions tested  and  to  errors  in  judging  the  correct  ond  point  in  the 
chloride  titration.  In  any  ex'ent  the  above  calculations  and  :tests 
indicate  th^t  both  the  resistivity  neasuronents  and  the. chloride 
analysis jprccedures  used  were  sufficiently  accurate  for  all  practical 
purposes'.  The 'calculated  values  of  specific  resistance  of  pure  sodiun 
chloride  solutions  were  plotted  in  Figure  8,  page  62  ,  to  be  used  for 
conparisons  in  further  work. 
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APPE^TBi::  VIII 

Theory  of  Geochemical  Analyses  16/  iv/ 

Geocheciical  analyses 'require  a  know3.edge  of  the 'amounts  of  the 
Tariovia  iors  present  in  the  Platers  studied.  '  In  the  chloride  and 
z'esistivity  test  described  above,  only  the  ratio  of  the  chloride  ions 
to  the  balance  of  ths  anions  in  solution  are  taken  into  account. 
Figure  8,  therefore ,  represents  about  the  simplest  geochemical  chart 
that  can  be  conceived,  ITie  most  elaborate  geochemical  studies  take 
into  consideration  the  amounts  of  every  type  of  ion  present. 

In  all  geochemical  analyses  the  amount  of  each  ion  present  must 
be  expressed  in  terms  of  its  electric  or  equivalent  value.  The  com- 
Eion  practice  is  to  use  mil-equivalents  per  liter  as  a  measure  of  the 
ion  concentrations.  The  mil-oquivalents  are  readily  calculated  by 
dividing  the  concentration  oxpi*cssed  in  parts  per  million  by  weight, 
by  the  equivalent  v;eight  of  tho  ion.  Care  must  be  taken  in  making 
these  conversions  when  the  ion  concentration  is  expressed  in  terms  of 
a  salt.  For  example,  it  is  common  practice  to  express  the  bi-carbonatc 
ion  concentration  in  toms- of  calcium  carbonatG,  ■  The  conversion  is 
fi;3ures  from  the  chemical  equation:  : 

CaGOs  H-  COg  :+  'Vi^-O  -^''   Ga"*"*"  +   2  HGO^"  '     '.    '■       '  ■'"' 
■  100    '  ,  ■  2  (1  +  li;  +  48) 

,.  ■.,  -  ■.  ■  -       122   ■   ■     ^   , 

Thus  one  molecule  of  calcium  carbonate  is  the  equivalent  of  two 
bicarbonate  ions,  Tvjo  parts  per  million  of  bicarbonate  ion  are: 

122 
p. p.m.   CaCO^,  X  ■  Tqq   =  r*p,m;'   HGOj""   • 

and  the  equivalent  concentration  of  bicarbonate  is: 

Mil-equivalents  HCO^-    =    p.b.m.  aCO^" 

61  " ' 
Tlie  ions  pro'sent  in  natural  watex  may  bo  classed  as  follows: 

16/ -.Chase  Palmer,  "The  Geochomieal  Interpretation  of  TJater  Analyse's".. 
■'  .  U,  .3  .-Geological  Survey  Bullat  in  ITo.  479,  1911.- 

17/  Raymond  A.  Hill,  "Geochemical  Patterns  in  Coachella  Valley" 
Anerican  Geophysical  Union  Transactions  '1940,  Part  t. 
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The  following  conbinations  of  these  iqris  which  charactdrize  vari-  . 
ous  typo  a  of  natural  waters  are:  ....     '•■■■:■ 

Class  (1)    (d<a)     Alkalinity  greater  than  hardness. 

(e^b)     The  negative  non-carbonate  hardness. 

equals  the  alkalinity  rainus  the  hardness. 

Class  (2)    (d  =  a)   ■  Alkali-'nity  en.uals  the  hardness. 
(0  =  0) 

Class  (3)     id.p  e.)  Alkalinity  less  than  hardness.   •-'  ■ 

(e<  b)     Non-carbonatii  hardness  equals  the  hardness 
Minus  the  alkalinity.     -.  '  ''    "  '  " 

«   *   • 

Class  (4)    (d  =  a  +  b)  All-:alinity  is  Zero..   '  ■   ■    ' 

(  e  =  C  )  ..        ■  ,    . 

Glass  (5)     (d>  a  +  b)   Froo  acid  present  and  equals  the     _  . 
(  e  =  0)   acid'  anions  minus  -the  tetal  cations. 

PalEior  16/  states  that  surface  wato'rs  belong  to  the  first  three  classes, 
that  class  4  is  represented  by  sea  water  an.d  brines  and  that- cl^ss  .3  is 
exemplified  by  mine  vraters'.  •  '       .,  ,       ■  •     -"  ■ 


16/  Chase  Palmer,  "The  Geochouicai  interpretation ■ of  Wuter  Analyses"' 
U.  S.  acological  Survey  Bulletin  No.  479,  1911. 
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Uncontar.iinated  n;round  v/aters  in  tho  area  seem  to  fall  in  class 
S  or  3  and  to  lie  close  to  class  ii.  Patapsco  River  TJcter  is  certainly 
in  class  4.  Ground  wators  from  acid  contaroinated  areas  in  class  5, 
Analyses  and  nil-oquivalent  concentrations  of  ions  are  shovjn  in  Table 
:a-3I  for  Patapsco  River  vrater  nnd  for  a  fevi  well  waters.  The  values 
for  the  river  water  are  connlete  and  in  balance,  Tiiose  for  Bethlehem 
Steel  Com:;a^y  FH  ITo.  2  are  fairly  coriplcte  but  not  in  balance.   The 
rest  of  the  analyses  shov/n  ore  incomplete.   B'CR^ever,  the  latter  re- 
present the  best  type  of  information  available  anong  the  multitude 
of  data  on  chenical  tests  of  ground  vrator  in  the  area.  The  analyses 
cannot  be  checked  by  balancing  the  anio-^s  and  cations  because  the 
primary  cations  have  not  been  deternined  and  must  be  estimated  from 
the  difference  in  the  measiored  anions  and  cations. 

Rc_ctilin^ear_  Plotting, 

In  order  that  waters  cari  bo  easily  staidicd  according  to  the  abovS 
five  classes  and  that  the  proportions  of  various  vrater  in  mixtures  can 
be  readily  ascertained  the  -olotting  method  described  below  was  devised, 
Whether  thi>  scheme  presente-d  here  hs'S  boe-n  used  before  is  not  known. 

Using  the  first  txTO  analyses  in  Tr.ble  I2III  as  examples,  tho  per- 
centage of  priraarj^  and  secondary  cations  to  the  total  cations,  and 
percentage  of  acid  and  alkaline  anions  to  the  anions  are  figured  as 
shown  in  Tables  SIIII  and  }3;tv.  I'.'hen  free  acids  are  presunt  both  the 
hydrogen  ion  of  the  free  acid  and  the  total  acid  and  the  total  anion 
are  figured  as  a  per  cent  of  the  total  cations. 

Using  the  rectilinear  graph  shovjn  in  Figure  31  tho  cations  are 

plotted  On  the  abscissa  and  the  anions  on  the  ordinate.  Free  acid 

plots  in  a  negative  direction  on  the  allralinity  scale.  Reference 

to  the  defi-nitiOT-is  of  the  five  classes  shows  zhat   Class  (l)  waters 
viill  plot  in  the  area  above  the  diagonal,  Class  (ii)  waters  along  the 

diagonal,  Class  (3)  below  the  diagonal,  Class  (4)  along  the  abscissa 
tind  Class  (o)  below  the  abscissa. 

Points  for  vraters  of  various  types  are  plotted  in  Figure  31,  and 
nunbured  according  to  the  colun-i  in  Table  IZill   in  whidh  computations 
of  ionic  group  percentages  appear.  Point  ITo.  7  for  Patapsco  River 
water  falls  in  Class  (4)  as  expected.  Point  5  for  Filter  House  vrall 
lTo,""k!  which' is  contaXiinated  mth  acid  and  iron  as  well  as  with  salt, 
Points^lo  and  17  are  for  un contaminated  waters  from  thef'SSO   to  l'^50 
Horizon  at  the  Bethlehem  Gteol  plant,  v/hile  Points  19  and  21  are  for 
uncontaminated"  water  from  335  and  650  foot  wells.   The  balance  of  the 
points  represent  salt  contaminated  x'^aters.  The  analyses  are  not  con- 
sidered siifficiontly  accurate  nor  are  there  enough  of  them  to  make 
further  interpretations.  Since  there  has  been  a  great  deal  of  filling" 
v;ith  slag  on  Sparrows  Point  the  shallow  ground  water  there  must  contain 
acids  and  othor  minerals  in  addition  to  the  salts  that  come  in  x/ith 
v/atcr  from"  the  river.  This  might  explain  the  scatter  of  points  repre- 
senting contaminated  v;ell  vraters. 
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Fig.  31  Rectilinear  Geochemical  Graph. 
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Per  Cent 

oi"  totals 

43.5 

56.4 
100 

99.95 

0.15 

TABLE  ySCEII 

lOKTC  GROUP  PERCEFPAGES  FOR  SAJ/IPLE  OF  RIVER 

■'■JATER  TAJ-CSiv  AT  ivS'.T  SAiT  I'^ATEH  STEAM  PUI';P  HOUSE 

BETHLSHEt:  STEEL  GOII^AiSlY  11-20-39 

. ;  Hilligran- 

Group  Equivalents 

Per  liter 

•a  .         84  ~ 

b        .  .    _J.03^  ___ 

a  +  b     ,  '    192.3"' 

c  0  .         . 

d  192.6 

■■  ,  e      .       ■  ■  .  0.3 100 

d  +  2  '     192. *9 


TABLE  rnv 

lOKTC  GROUT  PMCElvTAGES  FOR 
SAT'IPLE  0?  l-'iELL  TJATER,'  FILTER  PIOUSE  NO.   2 
BSTHLEHEIt-I  STEEL  CO!'IFA]MY  3-8-40 


a      .  1.212 

b  __2jt5Z8„ 

a  •+  b  .      """     3.~79b' 

c                                             .285  * 
d                                          4.075 
a  _    0 

d  +  6  '"4.076 


32, 

68. 

,0 

.0 

• 

100 

7, 
107. 
0 

,6 
.6 

107. 

.6 

** 
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The  point  for  a  irdxture  of  two  waters  will  plot  on  the  line 
connecting  the  points  representing  the  character  of  each  water.  The 
ratio  of  the  distance  between  the  point  for  the  mixture  and  the  points 
for  one  of  the  separate  waters,  to  the  total  distance  between  the  points 
for  the  constituent  waters  to  the  proportion  of  the  vater  in  the  mixture. 
In  the  sane  way  a  mixture  of  several  waters  will  plot  in  the  polygon 
connecting  points  for  the  waters  mixed  and  the  location  within  the  poly- 
gon is  determined  by  the  percentages  of  each  water  in  the  mix.. 

Therefore,  if  the  character  of  waters  in  all  the  aquifers  in  each 
part  of  the  Baltimore  Industrial  Area  can  be  determined  this  method 
should  be  very  useful  in  determining  the  source  and  amount  of  leakage 
by  chemically  analyzing  the  xvater  in  a' contaminated  well.  The  method 
night  also  prove  very  useful  in  correlati^-g  the  aquifers  of  vJells  in 
different  parts  of  the  area. 

The  application  of  the  method  requires  the  following  chemical 
analyses. 

1.  Either  alicalinit^^  or  free  mineral  acid  whichever  is  present. 

2.  Either  total  hardness  or  each  of  the  hardness  minerals 
calcium,  magnesiuia,  iron,,  etc. 

3.  Alkalies,  sodiui'i  and  potassium, 

4.  Acid  anions,  chlorides,  sulphates  and  if  desired,  the  nitrates. 

All  of  these  should  be  determined  in  order  that  the  chemical  re- 
sults can  be  checked.  However,  any  one  of  the  last  three  might  be  left 
out  of  the  chemical  analysis  and  its  amount  ascertained  by  differences, 

Trilinear  Plotting. 

The  trilinear  method  of  plotting  used  by  Hill  pen:iits  classifications 
based  on  separation  of  the  alkaline  earth  cations  and  the  acid  anions, 
each  into  two  groups.  The  trilinear  chart  used  is  shovm  in  Eigure  32. 
Percentage  distribution  of ' equivalent  concentrations  of  cations  are  plotted 
in  the  lower  left  triangle  and  anions  in  the  lower  right  hand  triangle. 
Nitrates  are  grouped  with  chlorides  but  since  the  amount  of  nitrates 
is  ordinarily  very  snail  this  is  not  iraportant.  Iron  and  other  metal 
ions  must  be  grouped  either  vdth  calcium  or  magnesium.  The  points 
plotted  in  the  lower  triangles  are  projected  parallel  to  lines  AB  and 
BC  to  their  point  of  intersection  in  the  upper  triangle.  If  the  alka?^ 
lies  are  greater  than  the  chlorides  the  points  fall  in  the  upper  left 
triangle  and  if  less  in  the  upper  right  triangle. 
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On  shifting  the  ion  concentration  points  together  into  one  or 
the  other  upper  triangles  a  nev;  set  of  significant  interpretations 
rjay  be  nade.  The  three  directions  of  plotting  for  the  tv/o  upper 
triangles  are  indicated  hy  Zl,  Z2,  and  Z.i-  and  Zi,  and  Z3,  and  Z4  at 
the  vertices  opposite  the  zero  base  lines. 

In  the  upper  left  triangle  the  Zi   axis  indicates  the  anount  of 
chloride  and  nitrate  and  since  these  are  less  than  the  sodiun  and 
potassiun  they  nay  be  considered  as  representing  sodiun  and  potassiuia 
chlorides  and  nitrates.  The  Z4  axis  shows  the  anoxint  of  calciiri  and 
nagnesiui.1  and  since  there  arc  r.iorc  than  enough  carbonate  and  sulphate 
ions  for  these  hardness  cheiaicals,  the  calciun  and  nagnesiua  nay  be 
considered  as  representing  the  calciun  and  nagnesiun  carbonates  and 
sulphates.  The  Zg  axis,  therefore,  indicates  the  reriaining  salts,  i.e., 
the  sodiiri  and  potassiun  carbonates  and  sulphates. 

In  the  upper  right  triangle  Zi  indicates  the  sodiun  and  potassiun 
ion  and  since  there  is  now  an  excess  of  chlorides  and  nitrates  the  sodiun 
and  potassiun  nay  be  considered  as  representing  the  percentage  of  sodiun 
and  potassiur.i  chlorides  and  nitrates.  The  Z4  axis  noiT  shows  the  car- 
bonates and  sulphates  and  since  there  is  nore  than  enough  calciun  and 
nagnesiun  to  caibine  with  these,  the  34  axis  nay  be  considered  to  re- 
present calciun  and  nagnesiun  chlorides  and  nitrates. 

Sunnarizing  the  above  two  paragraphs  the  four  following  geochenical 
groups  are  obtained. 

Group  Z'2_   —  The  connon  salt  group,  sodiun  and  potassiun 
chlorides  and  nitrates. 

Group  Zg  —  The  alliali  group,  sodiuri  and  potassiun  carbonates 
and  sulphates. 

Group  Z-3  —  The  Bittern  group,  calciuiti  and  nagnesiun  chlorides 
and  nitrates. 

Group  Za   —  Hardness  group,  calciun  and  nagnesiun  carbonates 
and  sulphates. 

Most  natural  surface  and  ground  waters  fall  in  the  upper  left 
triangle,  that  is  they  contain  the  allcali  group,  while  waters  con- 
taninated  vilth   sea  water  or  acid  drainage  waters  contain  the  bittern 
group  which  places  then  in  the  upper  right  triangle.  Hill  uses  classi- 
fications based  on  the  subdivisions  of  the  upper  triangles.  Since 
the  significance  of  these  classes  is  evident  fron  a  study  of  Figure 
32,  they  are  not  described. 
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The  geochemcal  location  of  a  point  representing  a  nixture  can 
be  used  to  detGrcinc  the  proportion  of  vjaters  uixed,  as  was  "the  case  .  " 
with  the  rectilinear  net hod  of  plotting.  Free  acid  cannot  he  repre- 
sented in  this  plotting  schor:.c.  The  graph  is  soncwhat  iiore  conplicated 
than  the  rectilinear  one  and  requires  conplete  ionic  cher.iical  analysis. 

For  the  trilinear  plotting  the  following  analyses  nust  be  nade,  . 

Alkalinity. 
Calciun 
Mflgnesiun 
Iron 

SodiUT:        -     .  ■ 
PotassiuTi      :     -.  • 
■ '  '  -     ChJLoridcs 

Sulphates ,  and 

Nitrates  -   '  ■ 
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APPU-IDIX  IX 

Ccnputations  Pertaining  to  Vrell- 
Grouting  Methods 

A.  Rise  of  Grout  Innido  an  Air  Ycntud  Gsppcd  Casing 

Detemining  tho  inatantaneous  level  of  grout  within  the  casing 
during  grout  puriping  vihon  the  nethod  doacribod  on  page  83   i  is  used 
presents  a  nice  prcblcu  in  calculus  involving  the  rate  of  pui.iping, 
the  sectional  areas  of  the  casing  and  the' Jinnular  space,  the  iianncr 
in  which  the  air  is  conpro^^sGd  (probably  isothcnaal)  and  the  densi- 
ties r«f  the  fluid  colunns  involved. 

Tlie  lovel  of  grout  in  tho  well  when  the  annular  space  has  boon 
ccnpletely  filled  v:ith  grout  can  be  conputad  vJithout  difficulty  as 
fcllovrs:  -  ■ 

Assuriing  D  as  the  depth  of  the  bottori  of  the  casing,  the  initial 
air  pressure  required  to  expell  the  water  is 

P^  a  0,'i33D  Ib/sq.  in. 

The  pressure  registered  on  the  air  gage  after  grouting  will  be  de- 
tcrrained  by  tho  difforsnce   in  heights  of   -^rout  colijims   inside  and 
outside  the  well.     If  the  depth  to   the   grout  level  inside  the  casing 
is  H  tho  final  gage  pressure  t/ill  be: 

Pj     =     G.857H     Ib/sq..    in. 

Assuiiing  isotherrxil  coupression  and   calling  atnospheric  pressure  Pj^ 
Boyle s  lav/  gives: 

(Pi  +  P^)     Vi     =     (Pf  +  P^}     7-f 
Let  A  =  area  of  the    casing,   then 

Yi     =     AD     ond  Yf  =  AH 

Substituting  these  values   of  V  and  P  in  tlie  equation  for  pres- 
sure tiiics  vclune   is-c,  crnstant  and  losing  14,7  lbs  per  square  inch 
for  atr.iospheric  pressure: 

(0.433D  +   14.7)     AD     =   (0.857H+  14.7)     AH 

0.433d2  +  14.7  =   0.857H2  +  14.7  H 

For  any  given  value  of  D  the  quadratic  in  K  can  be  readily  solved. 
For  exaiiple,  if  D  =  100  feet. 

0.857H^  +  14.7  H  =  4350  •»■  1470 
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coriplcting  the  square 

H^  +  17.1  H  +   73.5'    =     4330  +  1470  +73.6     =     5873 

(H  +  8.6)      =      76.6 

H    =     68  feet 

Thus  the   gyout  will  rise  32  feet  inside  a  100  foot  casing  unless  the 
air  pressure  is  raised  ns  the   grout  -ouriping  continues.     The   initial  and 
final  pressure  gago  readings  vn.ll  be: 

P^  =  0.433  X   100     =     43.3       Ibs/sq.   in. 

P^  =  0,857  X     68     =     58.2       Ibs/sci.    in. 

Forces   on  a  Liner  Pipe  Durinp:  Grcuting. 

Ari.  QXariple  is  worked  out  horo  to  shov:  the  coriputationi;  that 
should  be  nade  in  order  to  dete;.'T"inG  the  net  bouyant  force  on  the 
liner  pipe  when  using  the  packer  pipe  riethod  of  grouting. 

Assurie  an  8"  linor  pipe  200  feet  long  to  be  grouted  into  the 
botton  200  feet  of  12  inch  hole  in  a  500  foot  well.  The  upper  300 
feet  of  the  vrell  is  assuraod  to  have  been  cased  and  cenented  before 
the  hole  was   continued  downward. 

The  weiglit  of  the   casing  ajid  liner  pipe   is  25.55  lbs.   per  ft. 
The  iveight  of  the  2  inch  grout  pipe   is  3,75  lbs.   per  feet.     The  total 
weight  of  liner,   pecker  and  grout  pipes   is  therefore: 

500  X    (25.55  +  3.75)      =     14,600  pounds. 
Cross  sectional  areas  of  the  liner  and  grout  pipes  are: 

CD  area   of  Linor  =  0.4Q6  sq.    ft. 

ID  area  of  Liner  =  0.355  sq.   ft. 

OD  area  of  Grout  =  0.031  sq.  ft. 

ID  area   of  Grout  =  0.023  sq.  ft. 

The  rdnnnorj.  weight  of   liquid  between  the  grout  and    the  liner  and 
packer  pipe  dijring  grouting  is   that  of  n  full  water  colunn.     It  is 

(0,356  -  0.031)   X   500  x    62.4     =     10,000  pounds. 

The  upvrard  pressure  on  tl-E  botton  of  the  packer  plug  due  to  static 
weight  of  the  grout  is: 

(0.406  -  0.023)   X   500  x   123     =     23,000  pounds. 
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To  these  static  forces  nust  be  added  the  dsmanic  forces  due  to 
friction  on  the  pipe  walls  during. puriping.  If  the  dynanic  loss  of 
head  is  assumed  to  be  60  pounds  per  square  inch  in  the  grout  pipe 
and  30  pounds  per  square  inch  in  the  annular  space  around  tlie  liner, 
the  dovmward  force  on  the  grout  pipe  is 

« 

0.023  X  12  X  60  =  16.5  pounds 

and  the  upward  force  on  the  liner  and  packer  is 

{0.406  -  .23)  X  12  X  30  =  138  pounds.' 

The  dynamic  forces  are  therefore  negligible,  when  compared  with  the 
weights  of  the  pipe  and  the   liquids. 

Thus  in  this  case  during  pumping  the  total  dovmward  force   is 
24,600  pounds  and  the  upxvard  force  is  23,600  pounds  and  there  exists 
the  very  slight  margin  of  1000  pounds  to, hold  the  packer  and  liner 
dam.  . 

When  the   grout  line  is  disconnected  and  flushed  the  balance  will 
be  as  follova's  assuming  that  the  grout  line   is  not'  suspended  on  the 
packer  pipe   at  the  top  of  the  well. 

The  weight  of  packer  and  liner,  is: 

500_ X   25.55     =  12,800  pounds. 
The  vroight  of  water  is : 

0.355  X   500  X   62,4     =     11,100  pounds,     .  '  •       ' 

The  pressure   on  the  bottom  of  the  liner « pipe  and  plug  is 

0.406  X   500  X    125     =     25,000  pounds. 

The  net  force  is   1,100  pounds  upward  and  for  safety  the  packer  pipe 
iTould  haye  to  be  securely  anchored  down.  .      .    ^ 

If  in  this   case  the   liner  and  packer  were  lowered  on  the  grout 
pipe  the  stress   in  the   grout  pipe  assuming  maximum  thread  depth  at  end 
of  couplings  equal  to  25  per  cent   of  the  pipe  thicknoss,,v;ould  be:, 

^-^     =       0.75  X   2  x'l2?375  -   2.0-67)  =  ^°'°°Q-  ^^^  ^'^  '^'   ^^^ 

This  vrould  certainly  be  close  to  the  upper  stress  limit  that  could 
safely  be  placed  on  the   grout  pipe  and  moreover  considerable   care  would 
have  to  be  used  in  designing  the  plug  connection  at  the  foot   of  the 
liner  to  assure  adequate  strength  at   this  point. 
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